INSTALLATION  RESTORATION  PROGRAM 


COLORADO  AIR  NATIONAL  GUARD 
BUCKLEY  AIR  NATIONAL  GUARD  BASE,  AURORA,  COLORADO 


REMEDIAL  INVESTIGATION  REPORT 
VOLUME  I 


August  1995 


19971010  011 


HAZARDOUS  WASTE  REMEDIAL  ACTIONS  PROGRAM 
Fnvimnmental  Management  and  Enridiment  Facflities 
Oak  Ridge,  Tennessee  37831-7606 
managed  by  MARTIN  MARIETTA  ENERGY  SYSTEMS,  INC. 
for  the  U.S.  DEPARTMENT  OF  ENERGY  under  contract  DE-A005-840R21400 


UnC  QUALITY  mSPEOTlD  S 


REPORT  DOCUMENTATION  PAGE 


form  Approved 
0MB  No.  0704-0788 


-  ,  response,  including  the  time  for  reviewing  Instructions,  searching  existing  data  source, 

n^the^Xnd  ma.nu!nm  fheVolleaion  of  .n^ation.  Send  comments  reqarding  this  burden  estimate  or  any  other  aspert  of  this 

foUW^on  ^fntormationjncluding  for  r«tudn|  thii  burden,  to  Washington  Headquarter  Services.  Dc’^OSM  ^  ’  Jefferson 

Dav^H/ghway,  Suite  1204.  Arlington.  VA  22202-4302.  and  to  the  Office  of  Management  and  Budget.  Paperwork  Reduction  Proiect  (0704-0188).  Washington.  DC  20503. 

1.  AGENCY  USE  ONLY  (Leave  blank)  2.  REPORT  DATE  I  3.  REPORT  TYPE  AND  DATES  COVERED  L— 

_  2-S  Se^<yi-  \9.ey^e.d\iK\ 

4.  TITLE  AND  SUBTITLE  .  /  J  5.  TONDING  NUMBERS  ^ 

CfloroMo  ^crrttT-^e^l  p  A  ^ 

A\r  P^se.,Au^o^^^Co 

/n'JCsf7^jM~l(r-A  ,  \}g>(  [ 

6.  AUTHOR(S)  ^ 

7.  PERFORMING  ORGANIZATION  NAIVIE(S)  AND  ADORESS(ES)  8. 

AM  &/ce-\j  J?,  “ 

30,0  f=£1a-feT"AtJ« 

f^3><.ep^^  nL^7^~z—s/s^ 


8.  PERFORMING  ORGANIZATION 
REPORT  NUMBER 


9.  SPONSORING /MONITORING  AGENCY  NAME(S)  AND  ADDRESS(ES) 


10.  SPONSORING /MONITORING 
AGENCY  REPORT  NUMBER 


111.  SUPPLEMENTARY  NOTES  ,  ,  / 


1 12a;  DISTRIBUTION /AVAILABILITY  STATEMENT 


12b.  DISTRIBUTION  CODE 


13.  ABSTRACT  (/Max/mum  200  words)  -  A  i  )  ^  ‘ 

)/\S‘lk//od'(cr'n  f^es-lWW^  <sv^  '  //^  /i 

r  ^  f  c^l  /  r\  U  .e-sf'  LC\  epcj~  l  ~7^  IA€.<=ch^ 

^  C2v^lU-r^  I  cV-\. 


15.  NUMBER  OF  PAGES 

^Sq 

16.  PRICE  CODE 


17  SECURITY  CLASSIFICATION  I  18.  SECURITY  CLASsIfIcATION  19.  SECURITY  CLASSIFICATION  20.  LIMITATION  OF  ABSTRACT 
OF  REPORT  OF  THIS  PAGE  OF  ABSTRACT 


NSN  7540-01-280-5500 


Standard  Form  298  (Rev.  2-89) 

Prescribed  by  ANSI  Std.  Z39-t8 


GENERAL  INSTRUCTIONS  FOR  COMPLETING  SF  298 


The  Report  Documentation  Page  (RDP)  is  used  in  announcing  and  cataloging  reports.  It  is  important 
that  this  information  be  consistent  with  the  rest  of  the  report,  particularly  the  cover  and  title  page. 
Instructions  for  filling  in  each  block  of  the  form  follow.  It  is  important  to  stay  within  the  iines  to  meet 
opticai  scanning  requirements. 


Block  1.  Agency  Use  Only  (Leave  b/ank 


Block  12a.  Distribution/Availabilitv  Statement. 
Denotes  public  availability  or  limitations.  Cite  any 
availability  to  the  public.  Enter  additional 
limitations  or  special  markings  in  all  capitals  (e.g. 
NOFORN,  REL,  ITAR). 

DOD  -  See  DoDD  5230.24,  "Distribution 
Statements  on  Technical 
Documents.' 

DOE  -  See  authorities. 

NASA  -  See  Handbook  NHB  2200.2. 

NTIS  -  Leave  blank. 

Block  12b.  Distribution  Code. 

DOD  -  Leave  blank. 

DOE  -  Enter  DOE  distribution  categories 
from  the  Standard  Distribution  for 
Unclassified  Scientific  and  Technical 
Reports. 

NASA  -  Leave  blank. 

NTIS  Leave  blank. 

Block13.  Abstract.  Include  a  brief 
200  worcfsl factual  summary  of  the  most 
significant  information  contained  in  the  report. 

Block  14.  Subject  Terms.  Keywords  or  phrases 
identifying  major  subjects  in  the  report. 

Block  15.  Number  of  Pages.  Enter  the  total 
number  of  pages. 

Block  16.  Price  Code.  Enter  appropriate  price 
code  (NTIS  only). 

Blocks  17.-19.  Security  Classifications.  Self- 
explanatory.  Enter  U.S.  Security  Classification  in 
accordance  with  U.S.  Security  Regulations  (i.e., 
UNCLASSIFIED).  If  form  contains  classified 
information,  stamp  classification  on  the  top  and 
bottom  of  the  page. 

Block  20.  Limitation  of  Abstract.  This  block  must 
be  completed  to  assign  a  limitation  to  the 
abstract.  Enter  either  UL  (unlimited)  or  SAR  (same 
as  report).  An  entry  in  this  block  is  necessary  if 
the  abstract  is  to  be  limited.  If  blank,  the  abstract 
is  assumed  to  be  unlimited. 

Standard  Form  298  Back  {Rev.  2-89) 


INSTALLATION  RESTORATION  PROGRAM 


REMEDIAL  INVESTIGATION  REPORT 
VOLUME  I 


Colorado  Air  National  Guard 
Buckley  Air  National  Guard  Base 
Aurora,  Colorado 


August  1995 


Prepared  for 

AIR  NATIONAL  GUARD  READINESS  CENTER 
Andrews  Air  Force  Base,  Maryland  20331-5 1 57 


Prepared  by 

Science  Applications  International  Corporation 
14062  Denver  West  Parkway,  Suite  200 
Golden,  Colorado 

Submitted  by 

HAZARDOUS  WASTE  REMEDIAL  ACTIONS  PROGRAM 
Environmental  Management  and  Enrichment  Facilities 
Oak  Ridge,  Tennessee  37831 -7606 
managed  by 

MARTIN  MARIETTA  ENERGY  SYSTEMS,  INC. 

for  the 

U.  S.  DEPARTMENT  OF  ENERGY 
under  contract  DE-AC05-840R21400 

^DTIC  QUALnT  mfST'IlyTSiH 


TABLE  OF  CONTENTS 


PAGE  NO. 

EXECUTIVE  SUMMARY . ES-1 

1.0  INTRODUCTION .  1-1 

1 . 1  SITE  BACKGROUND  INFORMATION  AND  PREVIOUS  STUDIES .  1-3 

1.1.1  Installation  Restoration  Program  Phase  I  Records  Search  (Preliminary 

Assessment) .  1-3 

1.1.2  Site  Investigations  (Sis) .  1-7 

1.2  OVERVIEW  OF  REPORT .  1-8 

2.0  REMEDIAL  INVESTIGATION  ACTIVITIES  AND  APPROACH . 2-1 

2. 1  FIELD  PROGRAM  ACTIVITIES  AND  PROCEDURES . 2-1 

2.1.1  Soil-Gas  Surveys  and  Procedures  . 2-2 

2.1.2  Surface  Electromagnetic  Conductivity  Survey . 2-3 

2.1.3  Monitoring  Well  Drilling,  Installation,  and  Sampling . 2-3 

2.1.4  Soil  Boring  Drilling,  Sampling,  and  Abandonment . 2-9 

2.1.5  Sediment  Sampling  . 2-12 

2.1.6  Hydrologic  Data  Collection . 2-12 

2.1.7  Equipment  Decontamination . 2-13 

2.2  DATA  ANALYSES  PROCEDURES  AND  INFORMATION  (RI  PART  1) . 2-13 

2.2.2  Chemical  Analysis  QA/QC  Assessment  Summary  (RI  Part  1) . 2-14 

2.2. 1.1  Field  QA/QC  Samples  (RI  Part  1) . 2-14 

2.2. 1.2  Laboratory  QA/QC  Samples  (RI  Part  1)  . 2-15 

2.2. 1.3  Adherence  to  Sampling  and  Analysis  Protocols  and  Pro¬ 

cedures  (RI  Part  1)  . 2-15 

2.2. 1.4  Summary  of  QA/QC  Assessment  Results  (RI  Part  1) . 2-16 

2.2.2  Chemical  Analyses  Data  Evaluation  Methods  (RI  Part  1) . 2-16 

2.2.3  Data  Quality  Assessment  (RI  Part  2) . 2-16 

2.2.3. 1  Data  Quality  Objectives . 2-19 

2.2.3. 1.1  Precision . 2-19 

2.2.3. 1.2  Accuracy . 2-20 

2.2.3. 1.3  Representativeness  . 2-21 


1 


TABLE  OF  CONTENTS  (CONTINUED) 

PAGE  NO. 

2.2.3. 1.4  Comparability . 2-22 

2.2.3. 1.5  Completeness  . 2-22 

2.2.4  Public  Health  Risk  Assessment  Summary . 2-23 

3.0  REGIONAL  ENVIRONMENTAL  SETTING . 3-1 

3.1  HYDROGEOLOGY . 3-1 

3.1.1  Regional  Hydrogeologic  System  . 3-1 

3 . 1 . 1 . 1  Regional  Geologic  Framework . 3-1 

3. 1.1. 2  Regional  Hydrogeology . 3-3 

3. 1.1.3  Groundwater  Use  and  Development  . 3-6 

3. 1.1.4  Water  Quality  of  the  Denver  Aquifer . 3-6 

3.1.2  Base-wide  Hydrogeology  . 3-7 

3.2  BACKGROUND  SAMPLING  RESULTS . 3-14 

3.2.1  Monitoring  Well  Borehole  Soil  Sample  Results . 3-14 

3.2.2  Groundwater  Results . 3-14 

3.2.3  Background  Groundwater  Contaminant  Concentration  Comparisons 

toARARs  . 3-19 

4.0  SITE  1  -  FORMER  BASE  LANDFILL  AND  FORMER  OIL  PIT  . 4-1 

4. 1  SITE  DESCRIPTION  AND  PREVIOUS  WORK . 4-1 

4.2  REMEDIAL  INVESTIGATION  ACTIVITIES  . 4-3 

4.3  SITE  HYDROGEOLOGY . 4-4 

4.4  RESULTS  AND  SIGNIFICANCE  OF  FINDINGS  . 4-4 

4.4.1  Surface  EM  Conductivity  Survey  Results  . 4-4 

4.4.2  Soil  Boring  Soil  Sample  Results  . 4-16 

4.4.3  Monitoring  Well  Borehold  Soil  Sampling  Results  . 4-20 

4.4.4  Groundwater  Sample  Results . 4-20 

4.4.5  Stream  Sediment  Sample  Results . 4-25 

4.5  SUMMARY  OF  FINDINGS  . 4-27 

4.6  RISK  ASSESSMENT  RESULTS . 4-27 

ii 


U)  to  H-  O 


TABLE  OF  CONTENTS  (CONTINUED) 


PAGE  NO. 

4.6.1  Groundwater  Consumption  Risks  . 4-27 

4.6.2  Soil  and  Sediment  Exposure  Risks . 4-31 

4.7  CONCLUSIONS  AND  RECOMMENDATIONS . 4-31 

5.0  SITE  2 -FORMER  FIRE  TRAINING  AREA  #1  . 5-1 

5.1  SITE  DESCRIPTION  AND  PREVIOUS  WORK . 5-1 

5.2  REMEDIAL  INVESTIGATION  ACTIVITIES  . 5-3 

5.3  SITE  HYDROGEOLOGY . 5-3 

5.4  RESULTS  AND  SIGNIFICANCE  OF  FINDINGS  . 5-6 

5.4. 1  Soil-Gas  Survey  Results  . 5-6 

5.4.2  Monitoring  Well  Borehole  Soil  Sample  Results . 5-6 

5.4.3  Groundwater  Sample  Results . 5-6 

5.5  SUMMARY  OF  FINDINGS  . 5-9 

5.6  RISK  ASSESSMENT  RESULTS . 5-9 

5.6.1  Groundwater  Consumption  Risks  . 5-9 

5.6.2  Soil  and  Sediment  Exposure  Risks . 5-9 

5.7  CONCLUSIONS  AND  RECOMMENDATIONS . 5-12 

SITE  3  -  FORMER  FIRE  TRAINING  AREA  #2 . 6-1 

SITE  DESCRIPTION  AND  PREVIOUS  WORK . 6-1 

REMEDIAL  INVESTIGATION  ACTIVITIES  . 6-3 

SITE  HYDROGEOLOGY . 6-3 

6.4  RESULTS  AND  SIGNIFICANCE  OF  FINDINGS  . 6-8 

6.4.1  Soil-Gas  Survey  Results  . 6-8 

6.4.2  Soil  Boring  Soil  Sample  Results  . 6-12 

6.4.3  Monitoring  Well  Borehole  Soil  Sample  Results . 6-16 

6.4.4  Groundwater  Sample  Results . 6-19 

6.5  SUMMARY  OF  FINDINGS  . 6-21 

6.6  RISK  ASSESSMENT  RESULTS . 6-21 

6.6.1  Groundwater  Risks . 6-21 

6.6.2  Soil  Exposure  Risks . 6-23 

iii 


TABLE  OF  CONTENTS  (CONTINUED) 

PAGE  NO. 

6.7  CONCLUSIONS  AND  RECOMMENDATIONS . 6-23 

7.0  SITE  4 -FIRE  TRAINING  AREA  #3  . 7-1 

7. 1  SITE  DESCRIPTION  AND  PREVIOUS  WORK . 7-1 

7.2  REMEDIAL  INVESTIGATION  ACTIVITIES  . 7-1 

7.3  SITE  HYDROGEOLOGY . 7-3 

7.4  RESULTS  AND  SIGNFICANCE  OF  FINDINGS . 7-11 

7.4.1  Soil-Gas  Survey  Results  . 7-11 

7.4.2  Soil  Boring  Soil  Sample  Results  . 7-15 

7.4.3  Monitoring  Well  Borehole  Soil  Sample  Results . 7-20 

7.4.4  Groundwater  Sample  Results . 7-25 

7.5  SUMMARY  OF  FINDINGS  . 7-29 

7.6  RISK  ASSESSMENT  RESULTS . 7-29 

7.6.1  Groundwater  Consumption  Risks  . 7-29 

7.6.2  Soil  Exposure  Risks . 7-31 

7.7  CONCLUSIONS  AND  RECOMMENDATIONS . 7-31 

8.0  SITE  5  -  DRAINAGE  DITCH . 8-1 

8.1  SITE  DESCRIPTION  AND  PREVIOUS  WORK . 8-1 

8.2  REMEDIAL  INVESTIGATION  ACTIVITIES  . 8-3 

8.3  SITE  HYDROGEOLOGY . 8-3 

8.4  RESULTS  AND  SIGNIFICANCE  OF  FINDINGS  . 8-3 

8.4. 1  Surficial  Sediment  Sample  Results . 8-3 

8.5  SUMMARY  OF  FINDINGS  . 8-7 

8.6  RISK  ASSESSMENT  RESULTS . 8-7 

8.6.1  Soil  and  Sediment  Exposure  Risks . 8-7 

8.7  CONCLUSIONS  AND  RECOMMENDATIONS . 8-9 

9.0  SITE  6 -FORMER  SEWAGE  TREATMENT  PLANT  . 9-1 

9.1  SITE  DESCRIPTION  AND  PREVIOUS  WORK . 9-1 

9.2  REMEDIAL  INVESTIGATION  ACTIVITIES  . 9-3 

9.3  SITE  ENVIRONMENTAL  SETTING . 9-3 

iv 


TABLE  OF  CONTENTS  (CONTINUED) 


PAGE  NO. 


9.4  SIGNIFICANCE  OF  FINDINGS . 9-7 

9.4. 1  Surficial  Sediment  Sample  Results . 9-7 

9.4.2  Soil  Boring  Soil  Sample  Results  . 9-7 

9.4.3  Groundwater  Sample  Results . 9-7 

9.5  SUMMARY  OF  FINDINGS  . 9-12 

9.6  RISK  ASSESSMENT  RESULTS . 9-12 

9.6.1  Groundwater  Consumption  Risks  . 9-12 

9.6.2  Soils  and  Sediments  Exposure  Risks  . 9-14 

9.7  CONCLUSIONS  AND  RECOMMENDATIONS . 9-14 

LIST  OF  ACRONYMS  AND  ABBREVIATIONS  . A-1 

REFERENCES  . R-1 


LIST  OF  TABLES 


TABLE  TITLE  PAGE  NO. 

1- 1  Reference  Chart  for  the  Chronology,  Purpose,  and  Terminology  Used  in 

IRP  Studies  Conducted  at  Colorado  Air  National  Guard,  Buckley  Field, 

Aurora,  Colorado .  1-2 

2-  1  a  Summary  of  Methods  for  Analysis  of  Soil  and  Water  Sample  Colorado 

Air  National  Guard,  Buckler  Field,  Aurora,  Colorado  Remedial  Investi¬ 
gation;  Part  1  . 2-5 

2-2a  Summary  of  Sample  Containers,  Preservation  Techniques,  and  Holding 
Times  of  Water  and  Soil  Samples  According  to  Measurement,  Colorado 
Air  National  Guard,  Buckley  Field,  Aurora,  Colorado  Remedial  Investi¬ 
gation:  Part  1  . 2-6 

2-lb  Summary  of  Methods  for  Analysis  of  Soil  and  Water  Samples,  Colorado 
Air  National  Guard,  Buckley  Field  Aurora,  Colorado  Remedial  Investi¬ 
gation:  Part  2  . 2-10 

2-2b  Summary  of  Sample  Containers,  Preservation  Techniques,  and  Holding 

Times  of  Water  and  Soil  Samples  According  to  Measurement,  Colorado 
Air  National  Guard,  Buckley  Field,  Aurora,  Colorado  Remedial  Investi¬ 
gation:  Part  2  . 2-11 

2-3  Summarization  of  Compounds  Found  in  Field  and  Laboratory  Blanks  at 

Colorado  Air  National  Guard,  Buckley  Field,  Aurora,  Colorado . 2-17 


V 


LIST  OF  TABLES  (CONTINUED) 


table  title  page  no. 

3-1  Static  Groundwater  Elevations  for  Colorado  Air  National  Guard,  Buckley 

Field,  Aurora,  Colorado . . 

3-2  Aquifer  Test  Results,  Colorado  Air  National  Guard,  Buckley  Field, 

Aurora,  Colorado . .  3-9 

3-3  Summary  of  Inorganic  and  Orgamc  Compounds  Detected  in  Background 
Soil  Samples,  Colorado  Air  National  Guard,  Buckley  Field,  Aurora, 

Colorado  . 

3-4  Comparisons  of  Background  Soil  Sample  Results  with  Published  Background 

Levels  of  Selected  Trace  Metals  in  Soil  (PPM) . 3-17 

3-5  Summary  of  Inorganic  and  Organic  Compounds  Detected  in  Background 
Groundwater  Samples,  Colorado  Air  National  Guard,  Buckley  Field, 

Aurora,  Colorado . 3-18 

3- 6  ARARS  for  Inorganic  Chemicals  for  Background  Groundwater  at  the 

Buckley  ANGB  . 3-20 

4- 1  Analytical  Results  for  Site  1  -  Former  Base  Landfill  and  Former  Oil  Pit  . 4-2 

4-2a  Remedial  Investigation  Sample  Analysis  Summary  for  Site  1  -  Former 

Base  Landfill,  Buckley  Field,  Colorado  Air  National  Guard,  Aurora, 

Colorado,  Remedial  Investigation:  Part  1 . 4-6 

4-2b  Remedial  Investigation  Sample  Analysis  Summary  for  Site  1  -  Former 
Base  Landfill,  Buckley  Field,  Colorado  Air  National  Guard,  Aurora, 

Colorado,  Remedial  Investigation:  Part  2 . 4-7 

4-3  Summary  of  Inorganic  and  Organic  Compounds  in  Soil  Samples  at  Site  1 
-  Former  Base  Landfill,  Colorado  Air  National  Guard,  Buckley  Field, 

Colorado,  Remedial  Investigation:  Part  1 . 4-17 

4-4a  Summary  of  Inorganic  and  Organic  Compounds  Detected  in  Groundwater 
Samples  at  Site  1  -  Former  Base  Landfill,  Colorado  Air  National  Guard, 

Buckley  Field,  Aurora,  Colorado,  Remedial  Investigation:  Part  1 . 4-22 

4-4b  Summary  of  Inorganic  and  Organic  Compounds  Detected  in  Groundwater 
Samples  at  Site  1  -  Former  Base  Landfill,  Colorado  Air  National  Guard, 

BucWey  Field,  Aurora,  Colorado,  Remedial  Investigation:  Part  2 . 4-23 

4-5  Summary  of  Inorganic  and  Organic  Compounds  Detected  in  Sediment 

Samples  at  Site  1  -  Former  Base  Landfill,  Colorado  Air  National  Guard, 

Buckley  Field,  Aurora,  Colorado,  Remedial  Investigation:  Part  1 . 4-26 

4-6  ARARs  for  Inorganic  Chemicals  from  Site  1  -  Groundwater  at  the  Buckley 

ANGB . 4-28 

4-7  Risk  Characterization  for  Site  1 :  Groundwater  Exposure . 4-30 


VI 


LIST  OF  TABLES  (CONTINUED) 


table  title  page  no. 

4-8  Risk  Characterization  for  Site  I :  Exposure  to  Sediments . 4-32 

4- 9  Risk  Characterization  for  Site  I :  Soil  Exposure . 4-33 

5- 1  AnalyticalResultsfor  Site  2 -Former  Fire  Training  Area  No.  1  . 5-2 

5-2  Remedial  Investigation  Sample  Analysis  for  Site  2  -  Former  Base  Fire 

Training  Area  No.  1,  Buckley  Field,  Aurora,  Colorado . 5-5 

5-3  Summary  of  Inorganic  and  Organic  Compounds  Detected  in  Soil  Samples  at 

Site  2  -  Former  Fire  Training  Area  No.  1,  Colorado  Air  National  Guard, 

Buckley  Field,  Aurora,  Colorado  . 5-7 

5-4  Summary  of  Inorganic  and  Organic  Compounds  Detected  in  Groundwater 

Samples  at  Site  2  -  Former  Fire  Training  Area  No.  1,  Colorado  Air 

National  Guard,  Buckley  Field,  Aurora,  Colorado  . 5-8 

5-5  ARARs  for  Inorganic  Chemicals  from  Site  2  Groundwater  at  the  Buckley 

ANGB . 5-10 

5- 6  Risk  Characterization  for  Site  2:  Soil  Exposure . 5-11 

6- 1  Analytical  Results  for  Site  3  -  Former  Fire  Training  Area  No.  2  . 6-2 

6-2a  Remedial  Investigation  Sample  Analysis  Summery  for  Site  3  -  Former 

Fire  Training  Area  No.  2,  Buckley  Field,  Colorado  Air  National  Guard, 

Aurora,  Colorado,  Remedial  Investigation:  Part  1 . 6-5 

6-2b  Remedial  Investigation  Sample  Analysis  Summery  for  Site  3  -  Former 
Fire  Training  Area  No.  2,  Buckley  Field,  Colorado  Air  National  Guard, 

Aurora,  Colorado,  Remedial  Investigation:  Part  2 .  6-6 

6-3  a  Summary  of  Inorganic  and  Organic  Compounds  Detected  in  Soil  Samples 
at  Site  3  -  Former  Fire  Training  Area  No.  2,  Colorado  Air  National 

Guard,  Buckley  Field,  Aurora,  Colorado,  Remedial  Investigation:  Parti . 6-13 

6-3b  Summary  of  Investigation  Sample  Analysis  Summery  for  Site  3  -  Former 
Fire  Training  Area  No.  2,  Buckley  Field,  Colorado  Air  National  Guard, 

Aurora,  Colorado,  Remedial  Investigation:  Part  2 . 6-17 

6-4  Summary  of  Inorganic  and  Organic  Compounds  Detected  in  Groundwater 
at  Site  3  -  Former  Fire  Training  Area  No.  2,  Colorado  Air  National 

Guard,  Buckley  Field,  Aurora,  Colorado  . 6-20 

6-5  ARARs  for  Inorganic  Chemicals  from  Site  3  Groundwater  at  the  Buckley 

ANGB,  Remedial  Investigation:  Part  1  . 6-22 

6- 6  Risk  Characterization  for  Site  3:  Soil  Exposure . 6-24 

7- 1  Analytical  Results  for  Site  3  -  Former  Fire  Training  Area  No.  2  . 7-2 

7-2a  Remedial  Investigation  Sample  Analysis  Summary  for  Site  4  -  Base  Fire 

Training  Area  No.  3,  Buckley  Field,  Colorado  Air  National  Guard, 

Aurora,  Colorado,  Remedial  Investigation:  Part  1  . 7-5 

vii 


LIST  OF  TABLES  (CONTINUED) 

TABLE  TITLE  PAGE  NO. 

7-2b  Remedial  Investigation  Sample  Analysis  Summary  for  Site  4  -  Base  Fire 
Training  Area  No.  3,  Buckley  Field,  Colorado  Air  National  Guard, 

Aurora,  Colorado,  Remedial  Investigation:  Part  2  . 

7-3a  Summary  of  Inorganic  and  Organic  Compounds  Detected  in  Soil  Samples 
at  Site  4  -  Former  Fire  Trmning  Area  No.  3,  Colorado  Air  National 
Guard,  Buckley  Field,  Aurora,  Colorado,  Remedial  Investigation:  Part  1 
7-3b  Summary  of  Inorganic  and  Organic  Compounds  Detected  in  Soil  Samples 
at  Site  4  -  Former  Fire  Training  Area  No.  3,  Colorado  Air  National 
Guard,  Buckley  Field,  Aurora,  Colorado,  Remedial  Investigation:  Part  2 
7-4a  Summary  of  Inorganic  and  Organic  Compounds  Detected  in  Groimdwater 
Samples  at  Site  4  -  Former  Fire  Training  Area  No.  3,.  Colorado  Air 
National  Guard,  Buckley  Field,  Aurora,  Colorado,  Remedial  Investi¬ 
gation:  Part  1  . 

7-4b  Summary  of  Inorganic  and  Organic  Compounds  Detected  in  Groundwater 
Samples  at  Site  4  -  Former  Fire  Training  Area  No.  3,  Colorado  Air 

National  Guard,  Buckley  Field,  Aurora,  Colorado,  Remedial  Investi¬ 
gation:  Part  2  . 

7-5  ARARs  for  Inorganic  Chemicals  from  Site  4  Groundwater  at  the  Buckley 
ANGB . 

7- 6  Risk  Characterization  for  Site  4:  Soil  Exposure . 

8- 1  Analytical  Results  for  Site  5  -  Storm  Drainage  System  . 

8-2  Remedial  Investigation  Sample  Analysis  Summary  for  Site  5  Storm  Drain¬ 
age  System,  Buckley  Field,  Colorado  Air  National  Guard,  Aurora, 

Colorado  . 

8-3  Summary  of  Inorganic  and  Organic  Compounds  Detected  in  Sediment  Samples 
at  Site  5  -  Storm  Drainage  System,  Colorado  Air  National  Guard,  Buckley 


Field,  Aurora,  Colorado . 8-6 

8- 4  Risk  Characterization  for  Site  5:  Exposure  to  Sediments . 8-8 

9- 1  Analytical  Results  for  Site  6  -  Former  Sewage  Treatment  Plant . 9-2 

9-2  Remedial  Investigation  Sample  Analysis  Summary  for  Site  6  -  Former  Base 

Sewage  Treatment  System,  Buckley  Field,  Colorado  Air  National  Guard, 

Aurora,  Colorado . 9-5 

9-3  Summary  of  Inorganic  and  Organic  Compounds  Detected  in  Sediment  Samples 
at  Site  6  -  Former  Base  Sewage  Treatment  Plant,  Colorado  Air  National 

Guard,  Buckley  Field,  Aurora,  Colorado  . 9-8 

9-4  Summary  of  Inorganic  and  Organic  Compounds  Detected  in  Soil  Samples  at 
Site  6  -  Former  Base  Sewage  Treatment  Plant,  Colorado  Air  National 
Guard,  Buckley  Field,  Aurora,  Colorado  . 9-9 


Vlll 


LIST  OF  TABLES  (CONTINUED) 


TABLE  TITLE  PAGE  NO. 

9-5  Summary  of  Inorganic  and  Organic  Compounds  Detected  in  Groundwater 
Samples  at  Site  6  -  Former  Base  Sewage  Treatment  Plant,  Colorado  Air 

National  Guard,  Buckley  Field,  Aurora,  Colorado  . 9-11 

9-6  ARARs  for  Inorganic  Chemicals  from  Site  6  Groundwater  at  the  Buckley 

ANGB . .  9-13 

9-7  Risk  Characterization  for  Site  6:  Exposure  to  Sediments . 9-15 

9-8  Risk  Characterization  for  Site  6:  Soil  Exposure . 9-16 


LIST  OF  FIGURES 


FIGURE  TITLE  PAGE  NO. 

1- 1  Site  Location  Map  for  Colorado  Air  National  Guard,  Buckley  Field, 

Aurora,  Colorado . 1-4 

2- 1  Above  Ground  Monitoring  Well  Completion,  Buckley  ANGB,  CO . 2-8 

3- 1  Index  Map  of  the  Denver  Basin  and  Generalized  Geologic  Section.  (Modified 

from  Robson  and  Romero,  1981b) . 3-2 

3-2  Conceptual  Model  of  the  Regional  Hydrogeologic  System  at  Buckley  ANGB, 

Aurora,  Colorado.  (Modified  from  Heath,  1984) .  3-4 

3-3  Surficial  Geology  at  Buckley  ANGB  (Simons,  Li  &  Assoc.,  1982) .  3-11 

3-4  Generalized  Geologic  Cross  Section  at  Buckley  ANGB.  See  Figure  3-3  for 
Cross  Section  Location  (Dames  and  Moore,  1987;  Modified  from  Robson  and 
Romero,  1981b) . 3-12 

3- 5  Location  of  Background  Monitoring  Wells,  Colorado  Air  National  Guard, 

Buckley  Field,  Aurora,  Colorado  . 3-15 

4- 1  Field  Activity  Locations  for  Site  1  Former  Base  Landfill,  Colorado 

Air  National  Guard,  Buckley  Field,  Aurora,  Colorado  . 4-5 

4-2  Generalized  Geologic  Profile  A- A'  of  Site  1  -  Former  Landfill  Area, 

Colorado  Air  National  Guard,  Buckley  Field,  Aurora,  Colorado . 4-8 

4-3  Generalized  Geologic  Profile  B-B'  of  Site  1  -  Former  Landfill  Area, 

Colorado  Air  National  Guard,  Buckley  Field,  Aurora,  Colorado . 4-9 

4-4  Generalized  Geologic  Profile  C-C  Showing  Vertical  Distribution  of 
On-Site  Screening  Results  in  Subsurface  Soil  at  Site  1  -  Former  Base 
Landfill  Area,  Colorado  Air  National  Guard,  Buckley  Field,  Aurora, 

Colorado  . 4-10 

4-5  Potentiometric  Surface  Map  of  Site  1  -  Former  Base  Landfill,  January  19, 

1989,  Colorado  Air  National  Guard,  Buckley  Field,  Aurora,  Colorado . 4-11 

4-6  Potentiometric  Surface  Map  of  Site  1  -  Former  Base  Landfill,  August  16, 

1991  Colorado  Air  National  Guard,  Buckley  Field,  Aurora,  Colorado  . 4-12 


IX 


LIST  OF  FIGURES  (CONTINUED) 


FIGURE  TITLE  PAGE  NO. 

4- 7  Locations  of  Interpreted  Landfill  Zone  From  the  Surface  E.M.  Conducti¬ 

vity  Survey  at  Site  1  -  Former  Base  Landfill,  Colorado  Air  National 

Guard,  Buckley  Field,  Aurora,  Colorado  . 4-15 

5- 1  Field  Activity  Locations  for  Site  2  -  Former  Fire  Training  Area  No.  1, 

Colorado  Air  National  Guard,  Buckley  Field,  Aurora,  Colorado . .  5-4 

6- 1  Field  Activities  for  Site  3  -  Former  Fire  Training  Area  No.  2,  Colorado 

Air  National  Guard,  Buckley  Field,  Aurora,  Colorado  . 6-4 

6-2  Generalized  Geologic  Profile  of  Site  3  -  Former  Fire  Training  Area  No. 

2,  Colorado  Air  National  Guard,  Buckley  Field,  Aurora,  Colorado . 6-7 

6-3  Generalized  Geologic  Profile  B-B'  Showing  Vertical  Distribution  of 

On-Site  Screening  Results  in  Subsurface  Soil  (pg/kg)  at  Site  3  -  Former 
Fire  Training  Area  No.  2,  Colorado  Air  National  Guard,  Aurora, 

Colorado  . 6-9 

6-4  Potentiometric  Surface  Contour  Map  of  Site  3  -  Former  Fire  Training  Area 
No.  2,  January  19,  1989,  Colorado  Air  National  Guard,  Buckley  Field, 

Aurora,  Colorado . 6-10 

6- 5  Soil-Gas  Isoconcentration  Contour  Map  of  Total  Hydrocarbons  for  Site  3  - 

Former  Fire  Training  Area  No.  2,  Colorado  Air  National  Guard,  Buckley 

Field,  Aurora,  Colorado . 6-11 

7- 1  Field  Activities  for  Site  4  -  Fire  Training  Area  No.  3,  Colorado  Air 

National  Guard,  Buckley  Field,  Aurora,  Colorado  . 7-4 

7-2  Generalized  Geologic  Profile  A- A'  of  Site  4  -  Former  Fire  Training  Area 

No.  3,  Colorado  Air  National  Guard,  Buckley  Field,  Aurora,  Colorado  . 7-7 

7-3  Generalized  Geologic  Profile  B-B'  Showing  Vertical  Distribution  of 

On-Site  Screening  Results  in  Subsurface  Soil  (pg/kg)  at  Site  4  -  Former 
Fire  Training  Area  No.  3,  Colorado  Air  National  Guard,  Aurora, 

Colorado  . 7-8 

7-4  Generalized  Geologic  Profile  C-C  Showing  Vertical  Distribution  of 

On-Site  Screening  Results  in  Subsurface  Soil  (pg/kg)  at  Site  4  -  Former 
Fire  Training  Area  No.  3,  Colorado  Air  National  Guard,  Aurora, 

Colorado  . 7-9 

7-5  Generalized  Geologic  Profile  D-D'  Showing  Vertical  Distribution  of 

On-Site  Screening  Results  in  Subsurface  Soil  (pg/kg)  at  Site  4  -  Former 
Fire  Training  Area  No.  3,  Colorado  Air  National  Guard,  Aurora, 

Colorado  . 7-10 

7-6  Potentiometric  Surface  Contour  Map  of  Site  4  -  Former  Fire  Training 
Area  No.  3,  January  19,  1989,  Colorado  Air  National  Guard,  Buckley 
Field,  Aurora,  Colorado . 7-12 


X 


LIST  OF  FIGURES  (CONTINUED) 


FIGURE  TITLE  PAGE  NO. 

7-7  Potentiometric  Surface  Contour  Map  of  Site  4  -  Former  Fire  Training 
Area  No.  3,  August  15,  1991,  Colorado  Air  National  Guard,  Buckley 
Field,  Aurora,  Colorado . 7-13 

7- 8  Soil-Gas  Isoconcentration  Contour  Map  of  Total  Hydrocarbons  for  Site  4  - 

Former  Fire  Training  Area  No.  3,  Colorado  Air  National  Guard,  Buckley 

Field,  Aurora,  Colorado . 7-14 

8- 1  Field  Activities  for  Site  5  -  Storm  Drainage  System,  Colorado  Air  National 

Guard,  Buckley  Field,  Aurora,  Colorado  . 8-4 

9- 1  Field  Activities  for  Site  6  -  Former  Sewage  Treatment  Plant,  Colorado  Air  National  Guard, 

Buckley  Field,  Aurora,  Colorado  . 9-4 

9-2  Generalized  Geologic  Profile  A-A'  of  Site  6  -  Former  Sewage  Treatment 

Plant,  Colorado  Air  National  Guard,  Buckley  Field,  Aurora,  Colorado . 9-6 


XI 


TABLE  OF  CONTENTS 


TABLE  OF  APPENDICES  (VOLUME  II A  -  G) 


APPENDIX  A 
APPENDIX  B 
APPENDIX  C 

APPENDIX  D 
APPENDIX  E 
APPENDIX  F 
APPENDIX  G 


REMEDIAL  INVESTIGATIONS  WORK  STUDIES 
PUBLIC  HEALTH  AND  RISK  ASSESSMENT 

SOIL  BORING,  MONITORING  WELL  LOGS  AND  COMPLETION  FORMS,  WELL 
DEVELOPMENT  FORMS,  AND  SAMPLING  FORMS 

AQUIFER  TEST  DATA  AND  ANALYSIS 

GEOPHYSICAL  SURVEY 

SOIL-GAS  SURVEY  RESULTS 

LABORATORY  ANALYTICAL  DATA 


TABLE  OF  APPENDICES  (VOLUME  IB  H  -  K) 
APPENDIX  H  CHEMICAL  ANALYSIS  QA/QC  PROGRAM  RESULTS 
APPENDIX  I  GEOTECHNICAL  LABORATORY  RESULTS 
APPENDIX  J  UNDERGROUND  STORAGE  TANK  DATA  COMPILATION 
APPENDIX  K  BIOGRAPHIES  OF  KEY  PERSONNEL 


xii 


EXECUTIVE  SUMMARY 


This  Remedial  Investigation  (RI)  report  describes  field  activities,  presents  and  evaluates  data,  and 
provides  recommendations  for  six  sites  at  the  Colorado  Air  National  Guard,  Buckley  Air  National 
Guard  Base  (ANGB),  Aurora,  Colorado.  These  six  sites  were  identified  as  potential  environmental 
problem  sites  during  the  Preliminary  Assessment  (Phase  I  Records  Search),  and  initially  studied 
during  two  previous  Site  Inspections  (Sis;  Phase  II,  Stage  1,  Stage  2)  for  the  National  Guard  Bureau 
(NGB)  lustration  and  Restoration  Program  (IRP).  The  purpose  of  an  SI  is  either  to  confirm  or  deny 
file  existence  of  suspected  environmental  contamination  at  each  site  identified  during  the  Preliminary 
Assessment. 

RI  activities  were  initiated  in  1988  to  define  the  extent  of  confirmed  environmental  contamination  and 
further  assess  the  associated  potential  risk  to  human  health  at  six  sites  investigated  in  the  Site 
Inspection  (SI).  At  the  conclusion  of  the  1988  RI,  data  gaps  existed  that  required  an  additional  phase 
of  investigation  actmties  to  meet  the  objectives  of  the  RI.  These  additional  activities  were  conducted 
at  three  sites  during  the  1991  phase  of  the  RI.  This  RI  Report  has  incorporated  all  the  findings  from 
the  RI  addendum  (1991). 

The  site  numbering  system  used  during  the  Installation  Restoration  Program  (IRP)  is  based  upon  the 
ranking  of  sites  fi’om  the  results  of  the  Hazard  Assessment  Rating  Methodology  (HARM),  which  is 
a  preliminary  estimate  of  the  site's  potential  threat  to  human  health  or  the  environment.  HARM 
scoring  was  performed  during  the  Preliminary  Assessment  (PA)  (Phase  I  -  Records  Search)  at 
Buckley  ANGB  in  August,  1982  and  the  sites  were  numbered  according  to  their  ranking  as  follows; 

Site  1  -  Former  Training  Area  No.  2 

Site  2  -  Oil  Pit 

Site  3  -  Former  Base  Landfill 

Site  4  -  Fire  Training  Area  No.  3 

Site  5  -  Former  Fire  Training  Area  No.  1 

Site  6  -  Drainage  Ditch 

Site  7  -  Former  Sewage  Treatment  Plant 

Site  8  -  Army  Aircrafl:  Burial 

During  the  subsequent  Site  Inspections  (SI)  these  sites  were  renumbered  and  combined  for  unknown 
reasons.  The  following  is  a  listing  of  the  site  number  designations  that  are  used  in  this  current  draft 
of  the  RI  report: 
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Site  1  -  Former  Base  Landfill  and  Oil  Pit 


Site  2  -  Former  Fire  Training  Area  No.  1 
Site  3  -  Former  Fire  Training  Area  No.  2 
Site  4  -  Fire  Training  Area  No.  3 
Site  5  -  Drainage  Ditch 
Site  6  -  Former  Sewage  Treatment  Plant 
Site  7  -  Army  Aircraft  Burial 

The  RI  Part  1  field  program  was  performed  from  early  October  1988  through  early  January  1989,  and 
consisted  of  the  following  data  collection  activities  at  six  sites: 


•  Soil  gas  surveys  (Sites  2,  3,  and  4) 

•  Electromagnetic  (EM)  geophysical  survey  (Site  1) 

•  Drilling,  soil  sampling,  and  abandonment  of  soil  borings  (Sites  1,  3,  4,  and  6) 

•  Drilling,  soil  sampling,  installation,  and  groundwater  sampling  of  monitoring  wells 
(Sites  2,  3,  4,  6,  and  background) 

•  Sediment  sampling  (Sites  1,  5,  and  6) 

•  Aquifer  (slug)  testing  (Sites  1, 2,  3, 4,  and  background) 

•  Static  groundwater  measurement  (Sites  1,  2,  3, 4,  6,  and  background). 

A  follow-on  RI  field  program  (RI  Part  2)  was  performed  from  late  July  1991  through  late  August 
1991 .  This  field  work  was  a  continuation  of  the  previous  IRP  RI  studies  conducted  by  SAIC  and  was 
designed  to  fill  in  the  data  gaps  from  the  RI  Part  1  study.  The  RI  Part  2  consisted  of  the  following 
data  collection  activities  at  three  sites; 

•  Drilling,  soil  sampling,  and  abandonment  of  soil  borings  (Sites  3  and  4) 

•  Drilling,  soil  sampling,  installation,  and  groundwater  sampling  of  monitoring  wells 
(Sites  1,  4  and  background) 

•  Static  groundwater  measurement  (Site  1, 4,  and  background). 
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The  following  paragraphs  describe  and  briefly  discuss  the  results  and  conclusions  at  each  of  the  six 
sites  studied  during  this  RI  (Parts  1  and  2). 

Site  1— The  Former  Base  Landfill 

The  Former  Base  Landfill  is  located  along  Tollgate  Creek  in  the  southwestern  portion  of  the  Base. 
The  landfill  received  Buckley  municipal  refuse  from  1942  to  1982  and  refuse  from  Lowry  Air  Force 
Base  (AFB)  during  the  early  1960s.  Materials  disposed  of  included  building  materials,  paint  cans, 
solvent  containers,  pesticide  containers,  municipal  refuse,  fuel  tank  sludges,  and  construction  rubble. 
Waste  was  periodically  burned  to  reduce  waste  volume.  An  oil  pit  also  existed  at  this  site  but  was 
taken  out  of  service  and  backfilled  with  gravel  in  1987.  The  pit  reportedly  measured  about  10  feet 
by  10  feet  and  15  feet  deep.  Oil  was  burned  occasionally  during  the  1950s  and  disposal  of  solvents 
within  the  pit  may  have  occurred. 

Three  soil  samples  (of  the  18  soil  samples  that  were  analyzed  at  the  site)  showed  the  presence  of  low 
levels  of  petroleum  hydrocarbon  contamination.  These  contaminated  samples  were  taken  from  a 
depth  of  10  to  15  feet  at  locations  adjacent  to  the  former  oil  pit  and  Tollgate  Creek.  Sampling 
indicated  that  there  has  not  been  significant  vertical  contaminant  migration  within  the  soil,  and  that 
contamination  within  this  soil  is  random.  Groundwater  samples  showed  limited  evidence  of 
site-related  contamination.  Sediment  samples  taken  from  the  Tollgate  Creek  bed  also  showed  no 
evidence  of  site-related  contamination. 

Because  of  various  activities,  including  the  13  monitoring  wells  located  at  up-,  cross-,  and 
downgradient  groundwater  locations  at  the  site,  the  drilling  of  three  soil  borings,  and  sampling  of  the 
stream  sediments,  the  landfill  has  been  adequately  monitored  to  detect  any  major  contamination 
problem.  Results  have  shown  no  stream  sediment  contamination,  low  levels  of  apparently  random, 
extremely  limited  subsurface  soil  contamination  and  minor  groundwater  contamination  in  monitoring 
well  LFW-15.  A  baseline  public  health  risk  assessment  indicated  that  there  is  no  significant 
carcinogenic  or  noncarcinogenic  risk  associated  with  the  presence  of  this  limited  soil  and  groundwater 
contamination  at  the  site.  However,  since  trichloroethene  groundwater  contamination  is  present  in 
LFW-15  a  long-term  groundwater  monitoring  plan  is  proposed.  The  long-term  monitoring  plan 
would  consist  of  sampling  LFW-15  and  the  existing  downgradient  monitoring  network  (wells  LFW-5, 
LFW-14,  LFW-13,  and  LFW-8)  in  order  to  determine  the  potential  for  contaminant  migration. 

The  variability  of  the  stream  sediment  analyses  does  not  eliminate  the  possibility  of  minor 
contamination.  If  the  Department  of  Defense  funding  priorities  permit,  the  sediment  will  be  more 
adequately  studied. 

Site  2— Former  Fire  Training  Area  No.  1 

Fire  Training  Area  No.  1  is  located  in  the  vicinity  of  the  Base  Reservoir  and  consisted  of  an  unlined 
and  undiked  bum  area  used  for  exercises  during  the  late  1940s  and  early  1950s.  Fuels  burned  were 
primarily  nonspec  AVGAS;  however,  the  frequency  of  training  exercises  conducted  at  the  site  is 
unknown. 
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The  soil-gas  survey  and  analysis  of  soil  samples  do  not  indicate  the  presence  of  environmental 
contamination  due  to  previous  fire  training  exercises.  No  soil  or  groundwater  contamination  was 
detected  within  the  hydraulically  downgradient  monitoring  well. 

Because  of  the  data  obtained  fi’om  the  downgradient  monitoring  well  located  at  this  site,  the  soil-gas 
survey,  and  two  soil  borings  drilled  during  a  previous  study  at  a  different  suspected  bum  pit  location. 
Site  2  has  been  adequately  monitored  to  conclude  that  no  major  contamination  is  present.  Because 
no  soil  or  groundwater  contamination  has  been  located  at  either  of  the  suspected  bum  pit  locations, 
and  since  there  has  been  an  adequate  amount  of  time  since  bum  pit  abandonment  for  natural 
biodegradation  of  any  hydrocarbon  contamination  to  occur,  and  the  relatively  short-term  of  operation 
(Site  2  operated  for  five  years;  Site  3,  another  former  fire  training  area,  was  used  for  22  years)  -  the 
site  is  not  recommended  for  any  immediate  further  action.  It  is  recommended  for  further  study  by 
a  direct  push  sampling  technique.  It  is  anticipated  that  this  action  will  lead  to  the  drafting  of  a 
decision  document  to  remove  the  site  from  the  IRP. 

Site  3— Former  Fire  Training  Area  No.  2 

Fire  Training  Area  No.  2,  located  near  the  present  air  traffic  control  tower,  was  operated  between 
1950  and  1972.  Nonspec  fuels,  including  AVGAS  and  JP-4  jet  fuel  and,  possibly,  waste  solvents, 
were  burned  during  training  exercises.  Exercises  were  conducted  about  six  times  per  month. 

The  soil-gas  survey  detected  elevated  (relative  to  background)  concentrations  of  petroleum-related 
contamination  within  a  radius  of  approximately  25  feet  in  the  former  bum  pit  area.  Lower 
concentrations  were  detected  in  an  irregular  pattern  up  to  50  feet  from  the  bum  pit  area.  This  pattern 
may  be  due  to  regrading  and  spreading  of  the  soils  surrounding  the  fire  pit  during  abandonment,  or 
to  volatile  contaminant  migration  through  the  soil  gases.  Volatile  organic  compounds  were  detected 
in  one  soil  boring  (F2B-6)  located  in  the  bum  pit  area  above  the  10-foot  below  land  surface  (BLS) 
depth.  Deeper  soil  samples  from  this  boring,  as  well  as  samples  collected  from  the  other  four 
boreholes  drilled  within  the  former  bum  pit  and  soil  samples  collected  during  driUing  of  three 
monitoring  wells,  indicate  that  contaminants  are  probably  not  migrating  deeper  into  the  soil.  No 
site-related  contamination  was  found  within  groundwater  samples  taken  at  the  site. 

The  results  of  the  soil  boring  (F2B-6)  drilled  through  the  center  of  the  bum  pit  (RI  Part  1)  show  that 
minor  soil  contamination  is  limited  to  8  feet  or  less  in  depth,  which  is  well  above  the  25-foot  depth 
of  the  potentiometric  water  surface.  Subsurface  soil  samples  collected  from  the  four  soil  borings 
drilled  within  the  bum  pit  during  the  RI  Part  2  did  not  confirm  the  minor  contamination  detected  in 
F2B-6.  Clay  layers  exist  above  the  groundwater,  creating  confined  aquifer  conditions  beneath  the 
site  and  protecting  the  groundwater  from  the  downward  migration  of  the  surficial  contamination. 
Because  of  these  clay  layers,  groundwater  contamination  is  unlikely  but  not  impossible.  Therefore, 
it  is  recommended  that  a  new  monitoring  well  be  installed  as  directed  by  the  latest  groundwater  flow 
data.  A  baseline  public-health  evaluation  indicates  that  there  is  no  significant  carcinogenic  or 
noncarcinogenic  risk  associated  with  the  soil  contamination  at  the  site.  Therefore,  any  further  action 
at  this  site  will  have  a  low  priority  in  the  Department  of  Defense  relative  risk  program. 
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Site  4--Fire  Training  Area  No.  3 

Fire  Training  Area  No.  3  is  located  west  of  Building  801  and  has  been  in  operation  since  1972. 
Current  fire-training  procedures  are  to  saturate  the  surfece  with  water  to  reduce  infiltration,  and  ignite 
approximately  150  gallons  of  nonspec  JP-4  jet  fuel  poured  on  the  pad.  Twenty-four  exercises  are 
conducted  annually.  Approximately  50  to  70%  of  the  fiiel  is  burned  off  during  the  exercise  (Simons, 
Li,  &  Associates,  Inc.  1982;  Butler  1988). 

The  soil-gas  survey  data  indicate  the  presence  of  a  170  foot  by  260  foot  area  of  petroleum-related 
hydrocarbon  contamination.  The  contamination  is  centered  in  the  bum  pit  area,  with  the  long  axis 
trending  south  in  the  direction  of  the  waste  fuel  storage  area  at  the  site.  The  area  of  soil 
contamination  within  the  bum  area  was  further  defined  by  five  soil  borings.  All  five  borings  drilled 
within  the  bum  area  showed  high  levels  of  volatile  and  semivolatile  contamination  at  the  surface, 
which  decreased  with  depth.  Results  fi-om  the  laboratory  analysis  of  borehole  soil  samples  showed 
that  soil  contamination  extended  to  22.0  ft  BLS  in  F3B-12.  However,  the  on-site  GC  results  showed 
that  soil  contamination  had  extended  to  41.5  and  36.5  ft  BLS  in  F3B-12  and  F3B-14,  respectively. 
Analysis  of  samples  fi'om  soil  borings  outside  the  bum  area  (F3B-7  and  F3B-15)  showed  low  levels 
of  petroleum  hydrocarbon  contamination  present  only  to  a  depth  of  2  ft  (F3B-7).  Deeper  samples 
within  both  borings  showed  no  site-related  contamination.  The  monitoring  well  borehole  (F3W-4) 
installed  adjacent  to  the  bum  pit  showed  elevated  levels  of  petroleum  related  contamination  to  a  depth 
of  40  ft.  Other  monitoring  well  borehole  samples  showed  no  evidence  of  any  site-related 
contamination. 

Very  limited  site  contamination  was  detected  in  the  groundwater  at  the  site.  Estimated 
concentrations  (below  the  sample  quantitation  limit  but  greater  than  zero)  of  organic  compounds 
were  detected  in  F3W-8.  Inorganic  compounds  were  detected,  but  were  at  levels  consistent  with 
naturally  occurring  background  levels. 

The  results  of  the  five  soil  borings  drilled  within  the  bum  area  clearly  show  that  soil  contamination 
is  present  to  22.0  ft  BLS.  A  baseline  public  health  evaluation  indicates  that  there  is  no  significant 
carcinogenic  or  noncardnogenic  risk  associated  with  the  soil  contamination  a  the  site.  However,  the 
mean  levels  of  the  contaminants  used  in  the  risk  calculation  also  include  those  soil  samples  taken  from 
outside  the  bum  area  (F3B-7  and  F3B-15).  Therefore,  a  nontime-critical  source  removal  action  for 
the  soil  within  the  bum  pit  is  recommended  for  Site  4. 

Site  5— Storm  Drainage  System 

Between  1942  and  1982,  aircraft  were  washed  and  painted  on  the  aircraft  parking  apron  south  of 
Building  801.  Fuels,  cleaning  compounds,  ethylene  glycol,  paints,  and  strippers  were  used  in  this 
process  (Simons,  Li,  &  Associates,  Inc.  1982).  Stormwater  drains  from  this  area  to  the  southwest 
portion  of  the  apron,  and  then  to  a  storm  drainage  ditch  which  in  turn  drains  into  Tollgate  Creek. 

Low  levels  of  volatile  organic  compounds  related  to  petroleum  were  detected  at  only  one  of  the  sbc 
sediment  sampling  locations  situated  immediately  to  the  southwest  of  the  apron.  These  levels  of 
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volatile  organic  compounds  are  probably  a  result  of  storm  runoff  from  the  parking  apron.  Field 
reconnaissance  found  no  widespread  areas  which  appeared  to  have  been  affected  by  any 
contamination.  No  sampling  of  the  outfall  was  performed  and  that  data  gap  does  exist. 

A  baseline  public  health  evaluation  showed  no  significant  risk  associated  with  the  contaminated  soil. 
Therefore,  no  fiirther  immediate  action  is  necessary  at  this  site.  The  drafting  of  a  decision  document 
should  be  await  the  sampling  of  the  alluvium  at  the  discharge  of  the  ditch. 

Site  6“Former  Sewage  Treatment  Plant 

The  Sewage  Treatment  Plant  was  in  operation  from  1942  to  1978  and  was  subject  to  occasional 
"slugs"  of  chemical  wastes,  including  water  containing  petroleum  products,  organic  solvents,  trace 
metals,  and  pesticides  (Dames  &  Moore  1987).  Because  of  their  permeable  bottoms,  the  trickling 
filters  and  sludge  drying  beds  at  the  site  presented  a  potential  route  of  contamination  through  leakage 
and  infiltration  to  groundwater. 

Elevated  levels  of  chromium,  lead,  mercury,  silver,  and  thallium  were  detected  at  the  five-foot  level 
in  two  soil  borings  located  within  the  sludge  dr5dng  beds.  No  site-related  contamination  was  found 
in  the  deeper  samples  within  these  boreholes  or  within  a  borehole  drilled  adjacent  to  the  trickling 
filters  and  the  digester.  No  site-related  contamination  was  detected  in  the  groundwater. 

Soil  boring  data  cleariy  show  that  contamination  within  the  sludge  drying  beds  are  limited  to  soils  at 
the  5-foot  depth,  well  above  the  approximate  50-foot  depth  of  the  potentiometric  groundwater 
surface.  Therefore,  this  site  has  been  adequately  monitored  to  detect  the  extent  of  contamination  at 
the  site  and  affected  media.  A  baseline  public  health  evaluation  indicates  that  there  is  no  significant 
risk  associated  with  metal  soil  contamination  in  the  sludge  drying  beds.  Therefore,  no  fiirther  action 
is  recommended  at  this  site  and  a  dedaon  document  should  be  prepared  in  order  to  eliminate  the  site 
from  the  IRP. 
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1.0  INTRODUCTION 


The  U.S.  Department  of  Defense  (DOD)  initiated  the  Installation  Restoration  Program  (IRP)  to 
identify,  evaluate,  and  remediate  as  necessary  suspected  environmental  problems  associated  with  past 
waste  disposal,  handling,  and  spill  sites  on  DOD  facilities. 

The  first  step  in  the  IRP,  the  Preliminary  Assessment  (Phase  I-Records  Search),  was  completed  at 
Buckley  Field  (herein  after  also  referred  to  as  the  Base)  in  1982  (Simons,  Li,  &  Associates,  Inc. 
1982).  This  study  identified  sbc  study  sites  which  warranted  further  investigation;  these  are  described 
in  detail  in  Section  1.1.1.  The  next  step  in  the  IRP  was  initiated  during  two  subsequent  Site 
Inspections  (Sis;  Phase  II,  Stages  1  and  2-Confirmation/Quantification)  in  1986  and  1987  (Dames 
&  Moore  1986;  Dames  &  Moore  1987).  The  objective  of  an  SI  is  to  acquire  the  necessary  data  to 
either  confirm  or  deny  the  existence  of  suspected  environmental  contamination  at  each  identified  site 
of  concern  and  to  preliminarily  assess  the  potential  risks  to  human  health,  welfare,  and  the 
environment.  A  summarization  of  the  results  of  these  studies  is  presented  in  each  site  discussion. 
Table  1-1  outlines  the  chronology,  terminology  used,  and  contractors  involved  in  these  IRP  studies. 

The  site  numbering  system  used  during  the  Installation  Restoration  Program  (IRP)  is  based  upon  the 
ranking  of  sites  from  the  results  of  the  Hazard  Assessment  Rating  Methodology  (HARM)  which  is 
a  preliminary  estimate  of  the  site's  potential  threat  to  human  health  or  the  environment.  HARM 
scoring  was  performed  during  the  Preliminary  Assessment  (PA)  (a.k.a.  Phase  I  -  Records  Search)  at 
Buckley  ANGB  in  August,  1982  and  the  sites  were  numbered  according  to  their  ranking  as  follows: 

Site  1  -  Former  Training  Area  No.  2 

Site  2  -  Oil  Pit 

Site  3  -  Former  Base  Landfill 

Site  4  -  Fire  Training  Area  No.  3 

Site  5  -  Former  Fire  Training  Area  No.  1 

Site  6  -  Drainage  Ditch 

Site  7  -  Former  Sewage  Treatment  Plant 

Site  8  -  Army  Aircraft  Burial 
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During  the  subsequent  Site  Inspections  (SI)  these  sites  were  renumbered  and  combined  for  unknown 
reasons.  The  following  is  a  listing  of  the  site  number  designations  that  are  used  in  this  current  draft 
of  the  RI  report: 

Site  I  -  Former  Base  Landfill  and  Oil  Pit 
Site  2  -  Former  Fire  Training  Area  No.  1 
Site  3  -  Former  Fire  Training  Area  No.  2 
Site  4  -  Fire  Training  Area  No.  3 
Site  5  -  Drainage  Ditch 
Site  6  -  Former  Sewage  Treatment  Plant 
Site  7  -  Army  Aircraft  Burial 

This  report  documents  the  RI  Part  I  (late  1988  through  early  1989)  and  the  RI  Part  2  (late  July 
through  late  August  1991)  performed  by  SAIC  at  Buckley  field.  The  objective  of  these  studies  is  to 
fill  in  data  gaps  from  previous  studies  in  order  to  confirm  or  deny  the  presence  of  contamination; 
determine  the  character,  magnitude,  and  extent  of  contamination;  and  to  determine  the  risk  to  human 
health  posed  by  any  contamination  at  the  sites  in  question.  As  a  result,  the  RI  phase  of  the  IRP  will 
conclude  with  this  study,  and  the  sites  would  either  be  eliminated  from  future  study  or  moved  into 
the  Feasibility  Study  (FS)  phase  of  the  IRP  which  would  evaluate  the  proper  remedial  action  to  clean 
up  any  significantly  contaminated  sites. 

1 . 1  SITE  BACKGROUND  INFORMATION  AND  PREVIOUS  STUDIES 

As  discussed  above,  several  preceding  IRP  studies  have  been  performed  at  Buckley  Field  (Table  1-1). 
The  following  are  brief  descriptions  of  these  studies.  Detailed  discussions  of  these  results  appear  in 
each  site  discussion  in  later  sections. 

1.1.1  Installation  Restoration  Program  Phase  I  Records  Search  (Preliminary  Assessment) 

The  purpose  of  the  Installation  Restoration  Program  (IRP)  Phase  I  (preliminary  assessment)  was  to 
identify  the  type  and  location  of  past  waste  disposal  practices  at  Buckley  Field  and  to  assess  the 
potential  for  contaminant  presence  and  migration.  This  phase  consisted  primarily  of  inter- views  and 
record  review. 

From  this  records  search,  six  sites  were  judged  to  present  a  moderate  potential  for  mobilization  and 
migration  of  contaminants  and  were  recommended  for  IRP  Phase  II  investigations.  The  sites,  listed 
in  order  of  priority  and  shown  in  Figure  1-1,  are  Fire  Training  Area  (FTA)  No.  2,  the  Former  Oil  Pit, 
Base  Dump  (landfill),  FTA  No.  3,  FTA  No.  1,  and  the  Storm  Drainage 
System  near  the  main  aircraft  apron.  Two  additional  sites—the  sludge  drying  beds  at  the  sewage 
treatment  plant  and  an  aircraft  burial  site  near  Former  Fire  Training  Area  No.  2— were  judged 
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to  have  a  low  potential  for  contaminant  migration,  but  also  were  recommended  to  be  included  in 
Phase  n  investigations.  More  complete  discussion  of  Phase  I  activities  is  presented  in  "Installation 
Restoration  Program,  Phase  I:  Records  Search,  Buckley  Air  National  Guard  Base,  Aurora, 
Colorado"  (Simons,  Li,  &  Associates,  Inc.  1982).  The  following  site  descriptions  are  based  upon  the 
findings  of  this  Phase  I  study. 

Site  1 --Former  Base  Landfill  and  Former  Oil  Pit 

The  Former  Base  Landfill  received  Buckley  municipal  refuse  from  1942  to  1982  and  refuse  from 
Lowry  AFB  during  the  early  1960s.  Trench-and-fill  methods  were  used.  Between  1947  and  1959 
(during  Navy  occupation),  and  perhaps  later,  the  landfill  was  burned  periodically,  probably  using 
waste  oil  and  other  flammables  to  aid  combustion.  Materials  disposed  of  in  the  Former  Base  Landfill 
included  building  materials,  paint  cans,  solvent  containers,  pesticide  containers,  municipal  refuse,  fuel 
tank  sludges,  and  construction  rubble. 

The  Former  Oil  Pit  was  taken  out  of  service  and  backfilled  with  gravel  in  1987.  The  pit  reportedly 
measured  about  10  ft  by  10  ft  and  15  ft  deep,  and  was  enclosed  at  the  sides  and  bottom  by 
continuously-poured  concrete.  Contents  of  the  Former  Oil  Pit  were  burned  occasionally  during  the 
1950s.  Specific  information  about  other  materials  that  may  have  been  placed  in  the  pit  is  unavailable; 
however,  disposal  of  solvents  may  have  occurred.  The  depth  to  groundwater  at  this  location  has  been 
estimated  as  less  than  20  ft  below  land  surface. 

Site  2— Former  Fire  Training  Area  No.  1 

The  precise  location  of  FT  A  No.  1  has  been  uncertain.  Previous  studies  suggested  that  the  site  was 
located  south  and  west  of  the  surface  reservoir  located  in  the  northeast  comer  of  the  base.  Interviews 
with  the  Base  Fire  Chief  during  preparation  of  the  work  plan  for  this  RI  effort  suggest,  however,  that 
the  site  is  located  southeast  of  the  reservoir,  which  is  used  as  water  storage  for  fire  fighting  and  for 
recreational  fishing  (Simons,  Li,  &  Associates,  Inc.  1982;  Butler  1988).  FTA  No.  1  was  unlined  and 
undiked  and  used  as  an  AVGAS  burning  site  during  the  late  1940s  and  early  1950s.  The  frequency 
of  training  exercises  at  the  site  is  unknown.  Residual  flammable  materials  may  be  present  on  the  site. 
A  "firing-in"  range  for  alignment  of  aircraft  guns  once  occupied  the  site;  an  aircraft  engine  test  facility 
is  currently  located  there. 

Site  3“Former  Fire  Training  Area  No.  2 

The  Base  Fire  Chief  reports  that  FTA  No.  2  was  located  and  was  used  between  1950  and  1972.  The 
site  is  reportedly  unlined  and  undiked  and  is  within  2000  ft  of  Base  Well  No.  4,  a  potable 
water-supply  well.  Hazardous  materials  including  AVGAS  and  JP-4  jet  fuel  and,  possibly,  waste 
solvents  were  burned.  A  protein-based  foam  (which  consisted  primarily  of  ox  blood)  was  used  to 
extinguish  fires  (Butler  1988).  Exercises  were  conducted  about  six  times  monthly.  A  hangar  for 
small  aircraft  has  been  constmcted  on  or  immediately  adjacent  to  the  location  and  extensive  concrete 
and  asphalt  pavements  are  in  place  over  much  of  the  site. 
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Site  4--Fire  Training  Area  No.  3 

FTANo.  3  is  located  west  of  Building  801;  it  has  been  in  operation  since  1972.  Current  fire-training 
procedures  are  to  saturate  the  surface  with  water  to  reduce  infiltration,  ignite  approximately  150  gal 
of  water-contaminated  JP-4  jet  fuel  spread  on  the  pad,  and  extinguish  the  fire  with  water  and  6% 
(currently  3%)  aqueous  film-forming  foam  (AFFF).  Twenty-four  exercises  are  conducted  aimually 
using  about  400  gal  of  AFFF.  Approximately  50  to  70%  of  the  fuel  is  burned  (Simons,  Li,  & 
Associates,  Inc.  1982;  Butler  1988). 

Site  5“Storm  Drainage  System 

The  Storm  Drainage  System,  which  serves  the  aircraft  apron  and  associated  hangers  and  buildings, 
consists  of  a  system  of  pipes,  culverts,  and  open  ditches.  The  drainage  system  is  discharged  to  East 
Tollgate  Creek.  Between  1942  and  1982,  aircraft  were  washed  and  painted  on  the  apron  south  of 
Building  801 .  The  apron  was  washed  with  water  that  either  infiltrated  or  flowed  off  northeastward 
to  a  drainage  ditch,  which  in  turn  flowed  off-base.  Fuels,  cleaning  compounds,  ethylene  glycol, 
paints,  and  strippers  were  used  in  this  area  (Simons, 

Li,  &  Associates,  Inc.  1982). 

Note:  Later  inspection  of  topographic  maps  indicated  that  surface  water  flow  is  toward  the 
southwest  not  the  northeast.  Therefore,  the  focus  of  the  RI  study  centered  around  the  soils  to  the 
southwest  of  the  aircraft  parking  apron  and  not  the  drainage  ditch  which  runs  north  of  the  site. 

Site  6~Former  Based  Sewage  Treatment  Plant 

The  Sewage  Treatment  Plant  was  in  operation  from  1942  to  1978  when  the  sludge  digester  roof 
collapsed  and  the  plant  was  closed.  Reportedly,  the  plant  was  subject  to  occasional  "slugs"  of 
chemical  wastes,  including  water  containing  petroleum  products,  organic  solvents,  trace  metals,  and 
pesticides  (Dames  &  Moore  1987). 

The  plant  consisted  of  bar  screens,  a  primary  clarifier,  a  trickling  filter,  a  sludge  digester,  chlorine 
contact  chambers,  and  sludge  drying  beds.  Treated  effluent  from  the  plant  was  discharged  to  Sand 
Creek.  The  sludge  drying  beds,  which  were  rarely  cleaned,  were  designed  with  a  filtrate  collection 
system;  however,  the  clay  tiles  comprising  this  system  collapsed  early  in  its  life  (Simons,  Li,  & 
Associates,  Inc.  1982).  Due  to  their  permeable  bottoms,  the  trickling  filters  and  sludge  drying  beds 
presented  a  potential  route  of  contamination  via 
leakage  and  infiltration  to  groundwater. 
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1.1.2  Site  Investigations  (Sis) 

IRP  Phase  U,  Stage  1,  Part  1,  Confirmation/Quantification  (Site  Inspection) 

Field  investigations  were  conducted  at  five  of  the  sites—the  Former  Base  Landfill  and  Former  Oil  Pit 
(combined  into  one  site),  FT  A  Nos.  1  through  3,  and  the  Storm  Drainage  System  near  the  main 
aircraft  apron.  The  objectives  of  the  Phase  II,  Stage  1  were  to: 

•  Determine  the  presence  or  absence  of  contamination  resulting  from  waste  disposal 
practices; 

•  Provide  estimates  of  the  magnitude  and  extent  of  contamination,  should  contamination 
be  found; 

•  Identify  significant  health  and  environmental  hazards  generated  by  migrating  pollutants; 
and 

•  Identify  any  additional  investigations  and  their  attendant  costs  necessary  to  properly 
evaluate  the  magnitude,  extent,  and  direction  of  movement  of  discovered  contaminants. 

Activities  included  drilling,  sampling,  and  logging  of  four  monitoring  wells  and  nine  soil  borings. 
Water  levels  were  measured  for  each  new  well,  and  chemical  analyses  of  soil  and  water  samples  were 
performed.  All  sites  were  recommended  for  further  investigation.  Recommendations  were  to: 

•  Resample  for  cadmium  presence  and  distribution 

•  Perform  a  geophysical  resistivity  survey 

•  Install  four  new  wells  for  sampling  at  the  Landfill 

•  Install  and  sample  three  new  wells  at  FTA  No.  3 

•  Install  one  downgradient  well  at  FTA  No.  1,  FTA  No.  2  and  the  Storm  Drainage  System. 

A  complete  description  of  results  of  IRP  Phase  H,  Stage  I,  Part  1  activities  are  presented  in 
"Installation  Restoration  Program,  Phase  II-Confirmation/Quantification  Stage  1,  Buckley  Air 
National  Guard  Base"  (Dames  &  Moore  1986). 
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mP  Phase  n,  Stage  1,  Part  2,  Confirmation/Quantification  (Site  Inspection) 

A  field  investigation  was  conducted  at  the  Sewage  Treatment  Plant  and  an  attempt  was  made  to 
locate  an  Army  aircraft  burial  site.  This  burial  site  was  highlighted  during  the  IRP  Phase  I-Records 
Search  (Preliminary  Assessment)  as  with  only  a  minimal  potential  for  contaminant  migration.  The 
aircraft  burial  site  (Site  7)  was  not  located  during  a  limited  magnetometer  and  metal  locator  survey 
and  was  recommended  to  be  removed  from  further  IRP  consideration.  Activities  at  Former  Sewage 
Treatment  Plant  included  the  installation  and  sampling  of  three  monitoring  wells  and  soil  borings. 

Recommendations  were  to  resample  the  wells  during  times  of  higher  groundwater  elevations  and 
analyze  samples  to  determine  whether  the  low  levels  of  contamination  detected  can  be  substantiated. 
Results  of  IRP  Phase  n,  Stage  1,  Part  2  (Site  Inspection)  activities  are  presented  in  "Installation 
Restoration  Program  Phase  II-Confirmation/Quantification  Stage  1,  Buckley  Air  National  Guard 
Base,  October  16,  1985  to  November  5,  1985"  (Dames  &  Moore  1987). 

1.2  OVERVIEW  OF  REPORT 

This  report  initially  provides  a  brief  discussion  of  the  RI  activities  that  have  been  performed  to  date, 
data  analysis  methods,  the  environmental  setting,  and  background  environmental  chemistry.  This  lays 
a  framework  for  the  followng  sections,  which  discuss  the  history,  previous  findings,  RI  field  work, 
results,  and  conclusions  and  recommendations  for  each  site  on  a  site  by  site  basis.  Appendices 
located  in  a  separate  volume  provide  detailed  discussions  of  field  activity  and  data  analysis 
procedures,  raw  data,  and  other  supporting  information.  The  following  is  an  outline  of  the  format 
of  the  remainder  of  the  report. 

2.0  Remedial  Investigation  Activities  and  Approach-presents  an  overview  of  the 
procedures  employed  during  the  field  activities  and  data  analyses  conducted  during 
the  Remedial  Investigation  (RI  Parts  1  and  2). 

3.0  Regional  Environmental  Setting-presents  a  discussion  of  regional  and  basewide 
hydrogeology  and  the  chemical  characteristics  of  the  soil  and  groundwater  located  in 
the  area. 

4.0  Site  1 ;  Former  Base  Landfill  and  Former  Oil  Pit-provides  descriptions  of  the  site  and 
the  environmental  setting,  previous  work,  latest  RI  activities,  groundwater,  soil  and 
sediment  sampling  results,  risk  assessment,  and  conclusions  and  recommendations  for 
future  IRP  activities. 

5.0  Site  2;  Former  Fire  Training  Area  #1 -provides  descriptions  of  the  site  and  the 
environmental  setting,  previous  work,  latest  RI  activities,  groundwater,  soil  and 
sediment  sampling  results,  risk  assessment,  and  conclusions  and  recommendations  for 
future  IRP  activities. 
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6.0  Site  3;  Former  Fire  Training  Area  #2-provides  descriptions  of  the  site  and  the 
environmental  setting,  previous  work,  latest  RI  activities,  groundwater,  soil  and 
sediment  sampling  results,  risk  assessment,  and  conclusions  and  recommendations  for 
future  IRP  activities. 

7.0  Site  4:  Fire  Training  Area  #3-provides  descriptions  of  the  site  and  the  environmental 
setting,  previous  work,  latest  RI  activities,  groundwater,  soil  and  sediment  sampling 
results,  risk  assessment,  and  conclusions  and  recommendations  for  future  IRP 
activities. 

8.0  Site  5:  Drainage  Ditch-provides  descriptions  of  the  site  and  the  environmental  setting, 
previous  work,  latest  RI  activities,  groundwater,  soil  and  sediment  sampling  results, 
risk  assessment,  and  conclusions  and  recommendations  for  future  IRP  activities. 

9.0  Site  6;  Former  Sewage  Treatment  Plant-provides  descriptions  of  the  site  and  the 
environmental  setting,  previous  work,  latest  RI  activities,  groundwater,  soil  and 
sediment  sampling  results,  risk  assessment,  and  conclusions  and  recommendations  for 
future  IRP  activities. 
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2.0  REMEDIAL  INVESTIGATION  ACTIVITIES  AND  APPROACH 


This  section  provides  the  objectives,  summary  of  the  methods,  and  rationale  for  the  Remedial 
Investigation  (RI  Parts  1  and  2)  program  that  was  implemented  by  Science  Applications  International 
Corporation  (SAIC)  at  the  Colorado  Air  National  Guard,  Buckley  Air  National  Guard  Base  (ANGB). 

The  RI  focused  on  six  sites  which  were  outlined  in  a  Preliminary  Assessment  (Phase  I-Records 
Search)  (Simon,  Li,  and  Associates,  Inc.  1982)  and  studied  during  two  earlier  Site  Inspections  (Phase 
n  Stage  1,  Parts  1  and  2— Confirmation/Quantification;  Dames  &  Moore  1986 
and  1987).  These  six  sites  are: 

•  Site  1 —Former  Base  Landfill  and  Former  Oil  Pit 

•  Site  2— Former  Fire  Training  Area  No.  1 

•  Site  3— Former  Fire  Training  Area  No.  2 

•  Site  4— Fire  Training  Area  No.  3 

•  Site  5— Storm  Drainage  System 

•  Site  6— Former  Base  Sewage  Treatment  Plant. 


The  objectives  of  the  RI  activities  were  to: 

•  Determine  if  contamination  of  the  various  environmental  media  at  each  of  the  sites  is 
present 

•  Identify  the  source(s)  and  nature  of  any  contamination  present 

•  Determine  the  extent,  magnitude,  and  movement  of  any  contamination  present 

•  Assess  the  risks  any  present  contamination  pose  to  public  health,  thereby  determimng 
the  need  for  remedial  actions. 

2. 1  FIELD  PROGRAM  ACTIVITIES  AND  PROCEDURES 

The  RI  Part  1  field  program  at  the  Base,  which  was  performed  fi'om  early  October  1 988  through  early 
January  1989,  consisted  of  the  following  data  collection  activities  at  sbc  sites: 

•  Soil-gas  surveys  (Sites  2,  3,  and  4) 

•  Electromagnetic  (EM)  geophysical  survey  (Site  1) 

•  Drilling,  soil  sampling,  and  abandonment  of  soil  borings  (Sites  1,  3, 4,  and  6) 
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•  Drilling,  soil  sampling,  installation,  and  groundwater  sampling  of  monitoring  wells 
(Sites  2,  3,  4,  6,  and  background) 

•  Sediment  sampling  (Sites  1,  5,  and  6) 

•  Aquifer  (slug)  testing  (Sites  1,  2,  3, 4,  and  background) 

•  Static  groundwater  measurement  (Sites  1,  2,  3, 4,  6,  and  background). 

A  follow-on  RI  field  program  (RI  Part  2)  was  performed  from  late  July  1991  through  late  August 
1991.  This  field  work  was  a  continuation  of  the  previous  IRP  studies  conducted  by  SAIC  and  was 
designed  to  fill  in  the  data  gaps  fi-om  the  RI  Part  1.  The  RI  Part  2  consisted  of  the  following  data 
collection  activities  at  three  sites: 

•  Drilling,  soil  sampling,  and  abandonment  of  soil  borings  (Sites  3  and  4) 

•  Drilling,  soil  sampling,  installation,  and  groundwater  sampling  of  monitoring  wells 
(Sites  1, 4,  and  background) 

•  Static  groundwater  measurement  (Sites  1,  4,  and  background). 

The  following  are  summaries  of  in-depth  descriptions  of  the  field  activities  which  are  located  in 
Appendix  A.  The  following  subsections  describe  the  procedures  and  underlying  purposes  of  these 
data  collection  activities  which  were  taken  in  order  to  maintain  the  validity  of  the  RI  work  performed 
at  Buckley  ANGB. 

2.1.1  Soil-Gas  Surveys  and  Procedures 

Soil-gas  surveys  were  conducted  at  three  sites  (Sites  2,  3,  and  4)  during  the  RI  part  1  at  Buckley 
ANGB.  By  identifying  and  quantifying  volatile  organic  compounds  (VOCs)  in  the  vadose  zone,  the 
purpose  of  soil-gas  surveying  is  to  determine  the  presence  of  soil  and/or  groundwater  contamination. 
At  Buckley  sites,  this  survey  was  used  to  confirm  the  suspected  presence  of  contaminants,  define  the 
horizontal  magnitude  and  extent  of  contamination,  and  locate  the  probable  source(s)  of  any 
contamination  found  at  the  surveyed  sites.  The  survey  results  also  served  to  assist  in  the  location  of 
groundwater  monitoring  wells. 

Based  on  knowledge  of  the  materials  that  are  or  were  stored  or  used  at  the  sites,  samples  were 
analyzed  specifically  in  the  field  using  a  laboratory  gas  chromatograph  (GC),  which  was  portable  but 
fully  equipped,  checked,  and  calibrated  prior  to  use  in  the  field.  The  samples  were  collected  and 
immediately  analyzed  in  the  field  with  the  GC  for  several  organic  compounds  which  were  suspected 
of  being  present  at  sites  surveyed: 

•  Total  petroleum  hydrocarbons 

•  Total  xylenes 
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•  Ethylbenzene 

•  Benzene 

•  Toluene 

•  Tetrachloroethylene  (PCE) 

•  Trichloroethylene  (TCE) 

•  Carbon  Tetrachloride 

•  1,1,1  Trichloroethane  (TCA). 

Samples  were  collected  by  hydraulically  pushing  a  hollow  steel  probe  3  to  6  ft  into  the  ground  and 
evacuating  the  sample  with  a  vacuum  pump.  Soil-gas  samples  were  collected  by  inserting  a  syringe 
needle  through  a  silicone  evacuation  line,  which  had  been  inserted  into  the  steel  probe.  Each  sample 
was  collected  for  immediate  analysis  by  the  GC.  Following  the  collection  of  each  sample,  the  probe 
was  extracted  from  the  ground. 

2. 1 .2  Surface  Electromagnetic  Conductivity  Survey 

A  surfrce  electromagnetic  (EM)  conductivity  survey  was  conducted  during  the  RI  Part  1  at  Buckley 
ANGB  with  the  objective  of  locating  landfill  site  boundaries.  The  surv^  was  conducted  at  Site  1 
(Former  Base  Landfill). 

EM  conductivity  surveying  is  a  method  of  obtaining  subsurface  information  by  inducing  an  electric 
source  field  into  the  earth  from  a  surface  transmitter  coil.  The  theory  developed  for  EM  surveying 
assumes  the  ground  to  be  homogeneous,  isotropic,  and  semi-infinite;  therefore,  all  surface 
conductivity  measurements  are  referred  to  as  "apparent  conductivity"  to  discriminate  between  ground 
conductivity  and  measured  conductivity  (which  reflects  the  cumulative  response  of  subsurface 
"conductors").  Lateral  changes  in  the  electric  properties  of  subsurface  materials  cause  variations  or 
anomalies  in  the  apparent  conductivity.  These  anomalies  are  used  to  interpret  subsurface  structure. 
The  conductivity  of  soils  or  rocks  is  particularly  sensitive  to  water  content  and  dissolved  salts  or  ions. 
Accordingly,  dry  sands  and  gravels,  and  massive  rock  formations  have  low  conductivity,  while 
saturated  sands  and  gravels,  most  clays,  and  other  materials  with  high  ion  content  have  high 
conductivity.  Landfill  areas  and  buried  metal  objects  often  have  different  conductivity  than 
surrounding  terrain,  and  therefore  produce  anomalies. 

2. 1 .3  Monitoring  Well  Drilling,  Installation,  and  Sampling 

Monitoring  wells  were  drilled  and  installed  during  the  RI  Part  1  at  four  sites  (Sites  2,  3, 4,  and  6)  at 
Buckley  ANGB  from  late  October  through  early  December  1988.  Data  collected  during  the 
monitoring  well  drilling  and  sampling  process  provide  information  on  contaminant  presence, 
characteristics,  and  movement  in  soil  and  groundwater  in  the  site  area.  Generally,  one  monitoring 
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well  at  each  site  was  installed  upgradient  of  the  potentially  contaminated  area(s),  while  the  remainder 
of  the  monitoring  wells  at  each  site  were  installed  downgradient  to  cross-gradient  of  the  potentially 
contaminated  area(s).  Groundwater  flow  directions  were  determined  based  upon  the  hypothesis  that 
the  water  table  generally  mimics  surface  topography.  At  Sites  3  and  4  -  Fire  Training  Areas  2  and 
3  where  the  topography  was  flat,  a  brief  levelhg  survey  was  conducted  after  two  wells  were  installed 
to  determine  the  component  of  groundwater  flow  between  the  two  wells. 

Although  soil  sampling  was  continuous,  chemical  samples  were  only  collected  at  5-ft  intervals,  and 
only  a  fraction  of  these  soil  samples  were  sent  to  an  off-site  environmental  laboratory  for  in-depth 
analyses.  The  remainder  of  the  5-ft  samples  were  archived  at  SAIC's  Environmental  Chemistry 
Laboratory.  The  parameters  for  these  analyses  were  selected  on  the  basis  of  the  potential 
contaminants  suspected  at  each  site.  Analytic^  methods  sample  preservation  guidelines  and  other 
pertinent  chemical  laboratory  information  are  presented  in  Tables  2-la  and  2-2a,  respectively.  Sample 
selection  was  based  upon  HNu  results,  proximity  to  the  groundwater  table,  and  depth  of  the 
suspected  contaminant  source.  Generally,  the  most  contaminated  samples  were  sent  to  the 
laboratory;  however,  if  samples  showed  similar  or  no  contamination  based  upon  HNu  results,  a 
near-surface  sample,  the  sample  just  above  the  water  table,  and  the  first  sample  below  the  water  table 
were  sent  to  the  laboratory.  Results  of  all  RI  Part  1  chemical  analyses  are  presented  in  Appendix  G, 
Laboratory  Analytical  Data.  Additionally,  several  monitoring  well  boreholes  were  analyzed  for  a  set 
of  geotechnical  parameters,  the  results  of  which  are  located  in  Appendix  I.  Generally,  samples  were 
collected  in  the  different  lithologies  within  each  sampled  borehole  to  enable  a  full  geotechnical 
characterization  of  all  the  strata  encountered. 

Monitoring  well  completion  forms  (schematics)  and  logs  which  describe  individual  wells  installed 
during  the  RI  Part  1  are  presented  in  Appendix  C.  The  depth  of  each  monitoring  well  boring  was 
generally  10-15  ft  below  the  water  table.  However,  where  locally  confined  aquifer  conditions  existed 
or  where  the  water  bearing  zone  was  not  clear,  actual  well  depths  were  set  to  assure  the  integrity  and 
usefulness  of  the  completed  well. 

Prior  to  well  monitoring  and  groundwater  sampling,  each  well  was  purged  of  at  least  three  to  five 
saturated  borehole  volumes.  Most  of  the  wells  on  the  Base  were  poor  producers  of  water  due  to  the 
small  saturated  thickness  and  fine-grained  nature  of  the  aquifer;  purging  required  as  long  as  8  hr  in 
many  cases.  Within  24  hours  of  the  purging,  groundwater  was  sampled  for  the  parameters  listed  in 
Table  2-la  (RI  Part  1). 

Monitoring  wells  were  drilled  and  installed  during  the  RI  Part  2  at  two  sites  (Sites  1  and  4)  from  late 
July  through  mid- August  1991 .  Drilling  was  performed  by  Layne  Environmental  Services  of  Denver, 
Colorado  under  the  direction  of  SAIC  field  personnel.  All  monitoring  wells  installed  during  the  RI 
Part  2  were  drilled  with  hollow-stem  augers  using  a  CME-750  ATV  driU  rig. 

The  rationale  for  the  additional  (RI  Part  2)  monitoring  wells  at  the  Former  Base  Landfill  (Site  1)  was 
to  check  for  potential  contamination  in  the  groundwater  emanating  from  two  landfill  anomalies 
identified  by  an  electromagnetic  conductivity  surv^  done  during  the  RI  Part  1 .  At  Fire  Training  Area 
No.  3  (Site  4),  additional  monitoring  wells  were  required  to  check  for  potential  contaminant 
migration  downgradient  of  the  source  area.  Monitoring  wells  installed  at  Site  4  during  the  RI  Part 
1  were  not  located  directly  downgradient  of  the  source  area  (bum  pit). 
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TABLE  2-1a.  SUMMARY  OF  METHODS  FOR  ANALYSIS  OF  SOIL  AND  WATER  SAMPLE 
COLORADO  AIR  NATIONAL  GUARD,  BUCKLEY  FIELD.  AURORA.  COLORADO 
REMEDIAL  INVESTIGATION:  PART  1 


Parameter 


SOIL  AND  SEDIMENT  SAMPLES  WATER  SAMPLES 

Analytic^  Detection  Reporting  Analytical  Detection  Reporting 

Method  Limit  Units*  Method*  limit**  Units** 


Organics 


Putgeable  Organics 

SW.8240 

c 

Extracuble  Organics 

SW-3550/8270 

d 

Otganochlorine  Pesticides 

SW.355O/8O8O 

c 

Chlorinated  Herbicides 

SW-8150 

f 

Inorganics 

Percent  Moisture 

E-160.3 

0.1 

Priority  Pollutant  Metals 

SW-3050/6010 

s 

Ancnic 

SW-3050/7060 

0.5 

Mercury 

SW.7471 

1.0 

Selenium 

SW.3050y7740 

1.0 

Lead 

SW.3050/6010 

0.5 

Antimony 

SW.3005/7041 

1.0 

Thallium 

SW.3020/7841 

2-0 

Miscellaneous 

Inorganics 

Common  Cations 

_ 

Common  Anions 

Kjeldahl  Nitrogen 

— 

_ 

SW.8240 

c 

pg/1 

SW-351<V8270 

d 

\igA 

pg/J^g 

SW-351(y8080 

e 

pg/1 

pg/Jcg 

SW-8150 

f 

Mg/1 

% 

_ 

mg/kg 

SW-3005/6010 

t 

mg/1 

mgykg 

SW-3020/7060 

0.001 

mg/1 

mg/kg 

SW.7470 

0.005 

mg/1 

mg/kg 

SW-3Q2Q^46 

0.001 

mg/1 

mg/kg 

SW-3020/7421 

0.002 

mg/1 

mg/kg 

SW.3005/7041 

0.03 

mg/1 

mg/kg 

SW-3020/7841 

0.2 

mg/1 

— 

SW-3005/6010 

I 

mg/1 

— 

A429 

h 

mg:l 

E351.4 

0.05 

Wl% 

The  methods  cited  are  from  the  following  sources: 

IM.  Eiiito.,  Public  HcKb  A»cci«i« 

SW.8«.  Hurt  EdiUon  (USEPA  1M6' 

at  or  below  the  values  specified.  **"*"  matnees.  Detection  will  usuaUy  be 

"  Extractable  organics  in  water  and  soil/sediment  samples  using  Method  SW-8270  POLs  for  »  k  j 

POlTSIS  b^lJETam  ’IT'*  biphenyls  in  water  and  soil/sediment  samples  using  Method  SW-3550/8080 

aT-weSt  bii  theSo!^  samples  ^  b^  r^Z  on 

therefore,  PQLs  will  be  hifiher  deuendino  on  thp  fv.  .  °  be  reported  on  a  dry-weight  basis; 

^  linlu  fc»d  bdow  ...  provided  for  goto«“iJ';:^ 

or  » l.bor«ory  dcfocaoo  lirrdfo 
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Teflon- I ined  black  phenolic  screw-top  cap 


Ten-inch  diameter  boreholes  were  drilled  for  monitoring  weUs  installed  during  the  RI  Part  2.  Soil 
samples  were  collected  from  monitoring  well  boreholes  at  5-ft  intervals  using  split-spoons  and  6-inch 
stainless-steel  inserts.  During  the  drilling  each  soil  sample  was  screened  on-site  by  Environmental 
Chemistry  Services  (ECS)  using  a  gas  chromatograph.  The  on-site  screening  was  conducted  to 
reduce  the  number  of  samples  sent  to  the  laboratory  (NET  Pacific)  for  in-depth  analysis. 

Soil  samples  collected  during  the  RI  Part  2  were  screened  on-site  using  a  Shimadzu  8A  GC  with  FID 
and  PID  detectors  and  a  Supelco  VOCOL  30m  x  0.53mm  I.D.  column  (modified  method  SW-8020). 
Ten  grams  of  each  sample  was  weighed  into  a  40  ml  VO  A  bottle  with  a  teflon  septum.  An  equal 
portion  of  organic  free  water  (10  mis)  and  5  pi  of  internal  standard  (trifluorotoluene)  were  added. 
The  bottle  was  then  heated  in  a  90  degree  water  bath  for  5  minutes,  and  500  pi  of  the  headspace  gas 
withdrawn  with  a  gas  tight  syringe  and  injected  into  the  gas  chromatograph.  Prior  to  analyzing  the 
soil  samples,  the  instrument  was  calibrated  with  three  standard  concentrations.  The  soil  samples  were 
analyzed  for  toluene,  ethylbenzene,  xylene,  methylene  chloride  and  TCE.  Results  of  the  on-site  GC 
screening  are  presented  in  Appendix  G-1.  Because  of  on-site  GC  screening  no  soil  samples  from 
monitoring  well  boreholes  were  sent  to  NET  Pacific  for  in-depth  analysis. 

Monitoring  well  boreholes  were  drilled  to  a  depth  of  seven  to  twelve  feet  below  the  water  table.  The 
water  table  was  located  by  measuring  the  water  level  inside  the  hollow-stem  augers.  After  the  total 
borehole  depth  was  reached,  well  installation  commenced  within  the  hollow-stem  augers.  A  typical 
as-built  diagram  that  illustrates  the  monitoring  wells  installed  at  Buckley  ANGB  during  the  RI  Part 
2  is  shown  in  Figure  2-1.  Monitoring  well  completion  forms  and  logs  are  presented  in  Appendix  C. 

Procedures  for  monitoring  well  installation  (RI  Part  2)  are  described  as  follows: 

•  Once  the  borehole  was  drilled  to  completion  depth,  an  appropriate  length  (10  or  15  ft) 
of  4-inch  diameter  (I.D.)  Schedule  40, 0.040-inch  slot  well  screen  and  appropriate  length 
of  riser  were  installed.  All  screen  and  riser  were  threaded  flush  joint.  The  well  screen  and 
casing  were  steam  cleaned  prior  to  installation  in  the  borehole.  The  screened  interval 
extended  approximately  2  to  5  feet  above  the  water  table  to  allow  for  annual  fluctuation 
in  the  groundwater  table.  The  top  of  the  PVC  casing  was  completed  two  feet  above 
ground. 

•  The  augers  were  raised  in  2-foot  increments,  and  Colorado  silica  sand  (8  -  12)  pack  was 
added.  The  incremental  lifting  of  the  augers  and  emplacement  of  sand  pack  continued 
until  the  sand  pack  extended  at  least  2  feet  above  the  top  of  the  screen.  Periodic 
sounding  during  this  process  ensured  a  continuous  sand  pack. 

•  After  the  sand  pack  was  in  place  and  measurements  were  taken  to  ensure  its  proper 
location,  at  least  2  feet  of  Volclay  bentonite  pellets  (1/4  inch  diameter)  were  placed  on 
top  of  the  sand  pack. 
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Vault  w/Locking  *■ 
Protective  Casing 


Land  Surface 


PVC  Cap 


Concrete  Pad 


4-Inch  I.D..  Schedule 
40  PVC  Riser 


Type  i/il  Portland  - — ___ 
Cement/Bentonite  Grout 


Volclay  Bentonite  Seal 


Static  Groundwater  - 

Level 

4-Inch  i.D.,  0.040-Inch  Slot. 
Schedule  40  PVC.  Flush 
Joint  Screen 

Colorado  Number - 

8-12  Sandpack 


Bottom  Plug 


Borehole  Total  Depth 


Figure  2-1.  Above  Ground  Monitoring  Well  Completion, 
Buckley  ANGB,  Co. 
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•  After  the  bentonite  seal  was  in  place  and  allowed  to  hydrate,  measurements  were  taken 
to  ensure  its  proper  location.  The  PVC  casing  annulus  was  then  grouted  up  to  the 
ground  surface  with  a  bentonite/cement  slurry.  The  bentonite/cement  mixture  consisted 
of  potable  water,  bentonite,  and  Type  LH  Portland  cement  with  94  pounds  of  cement  and 
3  to  5  pounds  of  bentonite  per  6.5  gallons  of  water. 

•  Each  well  was  completed  with  a  locking,  steel  well  cover  and  concrete  pad.  All  wells 
were  fitted  with  locks  having  identical  keys. 

•  Each  well  was  developed  by  surging  and  bailing  until  the  well  water  was  acceptable  to 
the  SAIC  Supervisory  Geologist  (i.e.,  when  clarity  and  specific  conductivity  stabilized 
and  showed  no  forther  improvement  or  reduction  with  continued  development).  The 
total  volume  of  removed  water  was  estimated  and  recorded. 

•  After  the  wells  were  completed  at  each  site,  they  were  surveyed  by  Alpha  and  Omega 
Consultants  of  Aurora,  Colorado  for  horizontal  and  vertical  locations  to  define  the 
groundwater  flow  direction.  The  surveys  were  completed  to  a  vertical  accuracy  of  0.01 
feet  and  a  horizontal  accuracy  of  1.0  foot.  All  surveys  were  referenced  to  the  U.S. 
Geodetic  Survey  elevation  datum  and  the  Colorado  State  System  for  horizontal  location. 
Appendbc  C-1  presents  the  horizontal  coordinates  and  elevation  data  of  the  monitoring 
wells  installed  during  the  RI  Part  2  at  Buckley  ANGB. 

Analytical  methods,  sample  preservation  guidelines  and  other  pertinent  chemical  laboratory 
information  for  the  groundwater  sampling  performed  during  the  RI  Part  2  are  shown  in  Tables  2-lb 
and  2-2b,  respectively.  Results  for  all  RI  Part  2  chemical  analyses  are  also  presented  in  Appendix  G, 
Laboratory  Analytical  Data. 

2. 1 .4  Soil  Boring  Drilling,  Sampling,  and  Abandonment 

Soil  borings  were  drilled  at  four  sites  during  the  RI  Part  1  at  Buckley  ANGB.  Two  soil  borings  were 
drilled  to  a  depth  of  15  ft  at  Site  1  (Former  Base  Landfill)  to  detect  any  soil  contamination  emanating 
from  the  former  oil  pit  area.  One  soil  boring  was  drilled  to  a  depth  of  1 5  ft  in  depth  at  Site  3  (Former 
Fire  Training  Area  No.  2)  to  determine  the  vertical  extent  of  any  contamination  in  the  bum  pit  area. 
Two  soil  borings  were  completed  to  a  depth  of  15  ft  at  Site  4  (Fire  Training  Area  No.  3)  to  deterrmne 
the  vertical  extent  of  any  contamination  in  the  bum  pit  as  well  as  adjacent  to  the  fire  trrumng  fuel 
storage  area.  Four  soil  borings  were  completed  to  a  depth  of  10  ft  at  Site  6  (Former  Sewage 
Treatment  Plant)  to  determine  the  vertical  extent  of  contamination  within  the  abandoned  sludge 
drying  beds  and  around  the  abandoned  digester. 

Soil  borings  were  drilled  at  two  sites  (Sites  3  and  4)  during  the  RI  Part  2  at  Buckley  ANGB.  These 
additional  soil  borings  were  needed  to  fill  in  data  gaps  from  the  RI  Part  1.  Four  soil  borings  were 
drilled  to  a  depth  of  20  ft.  in  the  bum  pit  area  at  Site  3  to  determine  the  vertical  contaminant  extent 
for  possible  future  excavation.  Five  soil  borings  were  completed  to  a  depth  of  40  ft.  at  Site  4  in  the 
bum  pit  area  to  also  determine  the  vertical  contaminant  extent  for  future  excavation. 
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TABLE  2-lb.  SUMMARY  OF  METHODS  FOR  ANALYSIS  OF  SOIL  AND  WATER  SAMPLES 
COLORADO  AIR  NATIONAL  GUARD,  BUCKLEY  FIELD,  AURORA,  COLORADO 
REMEDIAL  INVESTIGATION:  PART  2 
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Contract  required  detection  limits  (CRDLs)  are  the  instrument  detection  limits  obtained  in  laboratory-grade  water  that  must  be  met  when  using  the  procedures  described  in  Exhibit  E  of  the  CLP  inorganics  SOW. 
The  detection  limits  for  samples  may  be  considerably  higher  depending  on  the  sample  matrix.  If  the  sample  concentration  exceeds  five  times  the  detection  limit  of  the  instrument  or  method  in  use,  the  value 
may  be  reported  even  though  the  instrument  or  method  detection  limit  may  not  be  equal  to  the  CRDL. 
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Soil  borings  were  drilled  to  obtain  soil  samples  for  in-depth  laboratory  analysis.  Soil  borings  alsK>  had 
soil  samples  collected  at  5-foot  intervals  utilizing  split-spoons  with  6-inch  stainless-steel  inserts.  Each 
soil  sample  was  screened  on-sate  by  ECS  using  the  GC.  In  addition,  each  borehole  had  two  samples 
sent  to  NET  Pacific  for  in-depth  analysis.  The  analytical  methods,  sample  preservation  guidelines  and 
other  pertinent  chemical  laboratory  information  for  the  RI  Part  2  is  presented  in  Table  2-lb  and  2-2b. 
Results  of  all  chemical  analyses  are  presented  in  Appendix  G.  New  borehole  lithologic  logs  are 
included  in  Appendix  C. 

2.1.5  Sediment  Sampling 

Sediment  samples  were  collected  at  three  sites  during  the  RI  Part  1  at  Buckley  ANGB.  Two 
sediment  samples  were  collected  from  the  ToUgate  Creek  bed  from  Site  1  (Former  Base  Landfill)  and 
were  used  to  assess  the  impact  surface  water  runoff  and  groundwater  discharge  emanating  from  the 
site  has  on  the  creek  and  to  determine  the  potential  of  off-site  transport.  Six  sediment  samples  were 
collected  from  the  perimeter  of  the  aircraft  parking  apron  at  Site  5  (Storm  Drainage  System)  to  assess 
the  impact  of  aircraft  washing  operations  on  storm  water  runoff  and  contaminant  transport.  Three 
composite  sediment  samples  were  collected  from  the  abandoned  sludge  drying  beds  at  Site  6  (Former 
Base  Sewage  Treatment  Plant)  to  determine  if  the  sludge  is  contaminated. 

2.1.6  Hydrologic  Data  Collection 

Two  types  of  hydrologic  data  were  collected  at  Buckley  ANGB  sites.  Static  groundwater  level 
measurements  were  taken  from  all  monitoring  wells.  These  levels  were  used  to  determine  depth  to 
the  water  table  which,  once  mapped,  provided  information  on  groundwater  flow  direction  and 
hydraulic  gradients.  Coupling  levels  with  well  logs  also  aid  in  the  determination  of  the  aquifer  type 
(confined  vs.  unconfined)  screened  by  the  well.  Results  of  the  aquifer  "slug"  tests  were  used  to 
determine  the  hydraulic  conductivity  of  the  screened  portion  of  the  aquifer  and  yielded  information 
about  the  storage  coefficient  of  the  aquifer.  Collectively,  the  hydrologic  data  was  used  to  determine 
the  orientation  of  wells  to  each  site  with  respect  to  groundwater  flow  direction  and  estimates  of 
groundwater  flow  rates. 

The  first  round  of  groundwater-level  measurements  was  taken  from  within  all  monitoring  weUs 
installed  at  Buckley  ANGB  on  January  20, 1989,  one  and  one  half  months  after  the  completion  of  RI 
Part  1  field  work.  This  later  measurement  was  necessary  after  previous  water  levels  taken  during 
October  and  November  well  drilling,  installation,  and  sampling  varied  by  as  much  as  a  foot.  The  low 
permeability  of  the  soils,  in  which  the  groundwater  monitoring  wells  were  screened,  and  complex 
hydrogeology  led  to  very  slow  water-level  recovery  that  prolonged  the  effect  of  November  and 
December  well  drilling,  development,  purging,  sampling,  and  aquifer  testing  on  the  water  levels  within 
each  well.  A  second  round  of  groundwater-level  measurements  were  taken  from  within  all 
monitoring  wells  at  Sites  1  and  4  on  August  15-16, 1991,  during  the  RI  Part  2. 

Aquifer  (slug)  testing  was  performed  after  the  completion  of  groundwater  sampling  (RI  Part  1).  Slug 
tests  are  short-duration,  single-well  tests  conducted  by  "instantaneously"  adding  or  removing  a  slug 
of  known  volume  into  or  from  the  well.  The  rate  at  which  the  water  level  (potentiometric  head) 
recovers  to  static  water  level  is  a  function  of  the  hydraulic  conductivity 

of  an  aquifer.  Aquifer  slug  tests  were  taken  from  all  4-in  monitoring  wells.  Because  of  the  small  size 
and  generally  poor  condition  of  the  2-in  monitoring  wells  installed  during  a  previous  study,  slug 
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testing  of  these  wells  was  impossible. 

After  the  completion  of  the  field  program  (RI  Parts  1  and  2),  all  wells,  borings,  and  soil-gas  and 
geophysical  survey  grid  comer  points  were  surveyed  for  position.  Positioning  surveys  were  necessary 
in  order  to  relate  various  geologic  and  hydrologic  data  between  soil  borings  and  monitoring  wells  and 
to  quantify  the  locations  of  anomalies  detected  during  the  soil-gas  and  geophysical  surveys. 

2.1.7  Equipment  Decontamination 

Decontamination  was  performed  in  order  to  minimize  the  chance  of  cross-contamination  between 
sampling  points  or  as  a  result  outside  contamination  of  sampling  tools.  Two  levels  of  equipment 
decontamination  were  performed  at  Buckley  ANGB  during  both  field  investigations  (RI  Parts  1  and 
2). 

Sampling  devices  (i.e.,  splitspoons,  bailers,  trowels)  were  subjected  to  an  extensive  decontammation 
process  prior  to,  between,  and  following  sampling  activities.  The  process  consisted  of:  1)  scrubbing 
with  a  laboratory  grade  detergent  (Alconox)  and  potable  water  solution,  2)  a  potable  water  rinse,  3) 
a  purified  water  rinse,  4)  a  pesticide  grade  methanol  rinse,  and  5)  a  pesticide  grade  hexane  rinse  and 
air  drying. 

The  second  level,  nonsampling  equipment  decontamination,  was  performed  on  all  equipment  which 
did  not  come  into  intimate  contact  with  environmental  samples  (i.e.,  drilling  rods,  tools,  etc.),  and  was 
a  less  rigorous  decontamination  process.  This  process  consisted  of  high-pressure  steam  cleaning  and 
laboratory-grade  detergent  (Alconox,  Liqui-Nox)  washing  followed  by  potable  water  rinsing.  All 
pieces  of  equipment  were  then  covered  with  polyethylene  plastic  during  storage  and  transport.  Also, 
all  non-sampling,  down-well  equipment  (i.e.,  development  pumps,  water  level  sounders)  were 
decontaminated  by  scrubbing  with  a  laboratory-grade  detergent,  followed  by  potable  water  rinse. 

2.2  DATA  ANALYSIS  PROCEDURES  AND  INFORMATION  (RI  Part  1) 

Data  collected  during  the  RI  Part  1  field  program  and  subsequent  chemical  analysis  were  further 
processed  and  analyzed  in  order  to  provide  resuhs  and  conclusions  regarding  each  site.  Various  data 
were  processed  in  the  following  ways: 

Aquifer  (slug)  Testing  Analysis  -  located  in  Appendix  D.  Provides  aquifer  parameters 
which  are  used  to  estimate  the  rate  of  transport  in  the  groundwater  at  sites  where 
monitoring  wells  were  installed. 

Geophysical  Survey  Analysis  -  located  in  Appendix  E  and  summarized  in  the  Site  1  - 
Former  Base  Landfill  discussion.  Results  are  used  to  help  locate  areas  of  disposal  and  the 
size  of  any  contaminant  plume  at  the  Base  Landfill. 

Laboratory  Chemical  Analysis  Data  Reduction  and  Evaluation  -  tables  located  in 
Appendk  G  were  condensed  fi'om  approximately  a  1200  page  laboratory  report.  These 
tables  were  further  summarized  (for  volume  consideration)  to  achieve  the  format 
presented  in  this  volume.  A  brief  discussion  of  the  chemical  analysis  data  evaluation 
appears  in  Section  2.2.2. 
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Laboratory  Chemical  Analysis  QA/QC  Program  Evaluation  -  summarized  in  Section  2.2.1 
and  presented  in  Appendix  H.  Results  are  used  to  detenmne  the  validity,  precision,  and 
accuracy  of  the  chemical  analysis  data. 

-  Public  Health  Risk  Assessment  -  located  in  Appendix  B  and  summarized  in  Section  2.2.3. 
Results  appear  in  each  site  discussion  (Sections  4  through  9).  Results  are  used  to 
determine  the  risk  associated  with  any  contamination  found  at  the  sites  and  compare  this 
risk  to  background  risks  at  Buckley  ANGB. 

2.2. 1  Chemical  Analysis  QA/QC  Assessment  Summary  (RI  Part  1) 

A  number  of  QA/QC  procedures  were  instituted  throughout  the  field  program  and  sample  analysis 
at  Buckley  ANGB.  The  intent  of  these  procedures  is  to  ensure  that  collected  samples  are 
representative  of  the  sites,  and  that  analytical  data  accurately  describe  the  characteristics  and 
concentrations  of  compounds  within  the  samples.  The  following  is  a  summary  of  the  assessment 
which  is  located  in  Appendix  H. 

Sample  data  quality  is  assessed  through  three  basic  t)q)es  of  QA/QC  data,  1)  field  QA/QC  samples, 
2)  laboratory  QA/QC  samples,  and  3)  adherence  to  sampling  and  analyses  method  procedures  and 
guidelines. 

2.2.1. 1  Field  OA/OC  Samples  (RI  Part  1) 

Trip  blanks  -  were  prepared  by  the  laboratory  supplying  bottles  prior  to  the  beginmng  of  the  sampling 
trip  by  pouring  organic-fi'ee  water  into  sample  bottles  preserved  with  hydrochloric  acid.  Sample 
containers  were  filled  and  preserved  to  yield  a  representative  blank  for  each  type  of  VOC  analysis, 
resulting  in  a  complete  trip  blank  for  the  sampling  event.  The  analysis  results  of  trip  blanks  were  used 
to  assess  contamination  of  sample  contmners  during  transport  to  and  storage  at  the  site  and 
contamination  of  samples  during  transport  back  to  the  laboratory.  One  trip  blank  was  included  in 
each  shipping  container  containing  samples  for  VOC  analysis. 

Field  blanks  (ambient  conditions  blanks)  -  were  prepared  at  the  beginning  of  each  sampling  event,  at 
each  discrete  sampling  site,  by  pouring  reagent-grade  water  into  prepared  sample  bottles.  The  field 
blanks  were  handled  and  andyzed  in  the  same  manner  as  the  environmental 
samples  particular  to  that  site  or  zone.  Because  field  blanks  and  environmental  samples  are  collected 
under  the  same  conditions,  the  results  of  the  field  blank  analyses  were  used  to  indicate  the  presence 
of  external  contaminants  (drill  rig  or  aircraft  exhaust,  dust  particles)  that  may  have  been  introduced 
into  samples  during  collection.  Field  blanks  contaminated  during  transport  were  assessed  by  the 
simultaneous  evaluation  of  trip  blanks  results. 

Equipment  blanks  -  were  prepared  for  manual  and  small  automated  sampling  equipment  used  to 
collect  environmental  samples.  Equipment  blanks  were  collected  during  the  sampling  day  by  pouring 
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reagent-grade  water  into/through/over  a  clean  piece  of  sampling  equipment,  such  as  bailers,  shovels, 
and  trowels,  and  then  dispensing  it  into  prepared  sample  bottles.  The  results  of  the  analyses  of 
equipment  were  used  to  assess  the  eflSdency  of  equipment  decontamination  procedures  in  preventing 
cross-  contamination  between  samples. 

Field  replicates  -  were  collected  in  quantities  equal  to  10%  of  the  total  number  of  environmental 
samples.  These  samples  were  collected  at  the  same  time  and  using  the  same  techniques  as  the  plamed 
environmental  samples.  Replicate  water  samples  were  collected  with  a  Teflon  bailer  while  replicate 
soil  samples  were  collected  with  a  2-in  diameter  split-spoon  sampler  at  the  same  time  as 
environmental  sample  collection.  The  results  of  the  field  replicate  analyses  were  used  to  assess  the 
precision  of  the  field  sampling  methods. 

2.2. 1.2  Laboratory  OA/OC  Samples  (RI  Part  1) 

Matrix  Spike/Matrix  Spike  Duplicates  -  were  prepared  by  adding  a  known  amount  of  one  or  more 
compounds  in  an  environmental  sample  then  analyzing  for  those  compounds.  The  duplicate  allows 
the  determination  of  the  reproducibility  of  the  result.  The  results  were  used  to  assess  the  analysis 
precision  and  recovery  achieved  fi'om  the  matrix. 

Method  Blanks  -  were  prepared  prior  to  sample  preparation  within  the  lab  by  pouring  reagent-grade 
into  prepared  sample  bottles.  The  analysis  of  these  blanks  were  used  to  assess  outside  contamination 
of  the  sample  which  may  occur  during  sample  preparation  and  analysis. 

Spike  blanks  -  were  prepared  by  adding  a  known  amount  of  one  or  more  compounds  into 
reagent-grade  water.  The  analysis  were  used  to  assess  analysis  precision  and  recovery  achieved  fi'om 
a  clean  matrix. 

Surrogate  spikes  -  were  prepared  by  adding  a  known  amount  of  one  or  more  compounds  into  every 
environmental  sample.  The  compounds  used  are  not  expected  to  be  present  in  any  of  the 
environmental  samples.  Analysis  results  were  used  to  determine  matrix  interferences  on  analysis 
results. 

Holding  blanks  -  were  prepared  by  storing  a  sample  of  reagent-grade  water  with  the  environmental 
samples.  Resuhs  were  used  to  assess  the  outside  contamination  of  environmental  sample  which  can 
occur  during  sample  storage  within  the  laboratory. 

2.2. 1.3  Adherence  to  Sampling  and  Analysis  Protocols  and  Procedures  (RI  Part  1) 

There  are  set  guidelines  and  methods  for  the  sampling  and  analysis  of  environmental  samples. 
Spedfically,  there  are  minimum  numbers  of  field  and  laboratory  QC  samples  which  must  be  collected 
and  holding  times  (time  between  sampling  and  extraction  or  analysis)  which  must  be  met.  Insufficient 
QC  sample  collection  can  cause  data  deficiencies  which  will  make  data  validation  questionable  or 
impossible.  Failure  to  meet  holding  time  requirements  can  result  in  lowered  or  elevated  contaminants 
concentrations  or  no  detection  of  compounds  that  are  actually  existing  at  the  sampling  site. 
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2.2. 1.4  Summary  of  OA/OC  Assessment  Results  (RI  Part  1) 

The  assessment  of  the  QA/QC  data  for  Buckley  ANGB  indicates  that  the  analysis  results  for 
environmental  samples  are  valid.  Sampling  guidelines  and  QC  requirements  were  met.  QC  samples 
showed  acceptable  replication  and  that  decontamination  procedures  were  acceptable.  Laboratory 
analysis  methods  and  QC  requirements  were  followed  and  showed  adequate  accuracy,  precision,  and 
reproducibility. 

There  were  several  compounds  which  were  found  in  the  various  field  and  laboratory  blanks  which 
affect  the  results  of  the  environmental  samples.  Table  2-3  indicates  these  compounds,  their  suspected 
source,  and  how  their  presence  effects  the  environmental  sampling  results. 

2.2.2  Chemical  Analyses  Data  Evaluation  Methods  (RI  Part  1) 

The  first  part  of  the  chemical  analyses  data  evaluation  (RI  Part  1)  was  performed  to  condense  the  data 
into  summary  tables  which  include  only  the  contaminants  found  at  a  particular  site  in  each  specific 
media.  It  should  be  remembered  that  these  tables  do  not  provide  a  complete  listing  of  the  compounds 
analyzed.  A  complete  listing  of  the  results  for  each  sample  appear  in  Appendix  G. 

Contaminants  listed  in  the  summary  tables  were  then  compared  to  the  results  of  the  laboratory 
QA/QC  evaluation  (Section  2.2.1  and  .^pendix  H)  and  to  background  sampling  results  (Section  3.2). 
This  allowed  the  identification  of  compounds  which  were  not  attributable  to  site  activities  but  were 
the  result  of  contamination  during  sampling  or  analysis,  and/or  the  result  of  background  conditions. 

Any  organic  compounds  which  were  detected  in  the  sample  and  not  eliminated  during  the  QA/QC 
evaluation  or  background  sampling  were  considered  site-related  contamination. 

For  inorganic  compounds  the  95%  confidence  interval,  approximately  the  mean  concentration  of  the 
background  sampling  results,  was  calculated  and  compared  to  the  environmental  sample 
concentrations.  Any  inorganic  concentration  which  exceeded  the  95%  confidence  interval  was 
considered  a  site-related  contaminant.  Furthermore,  information  from  Dragun  (1988)  on  worldwide 
natural  concentrations  of  inorganic  compounds  was  used  to  determine  if  metals  concentrations  were 
of  a  plausible  natural  origin. 

2.2.3  Data  Quality  Assessment  (RI  Part  2) 

A  standardized  quality  assurance/quality  control  (QA/QC)  program  was  followed  during  the  Remedial 
Investigation  (RI)  conducted  for  the  Colorado  Air  National  Guard  at  Buckley  ANGB,  Aurora, 
Colorado  to  ensure  that  analytical  results  and  the  decisions  based  on  these  results  were  representative 
of  the  environmental  condition  at  the  sites.  The  objective  of  the  RI  Part  2  was  to  confirm  the 
presence  of  contamination,  collect  and  analyze  sufficient  numbers  of  samples  to  determine  the  lateral 
and  vertical  extent  of  contamination  detected  during  the  ori^al  field  effort  (RI  Part  1),  and  conclude 
RI  activities  at  ^  sites.  The  RI  Part  2  was  conducted  using  the  Hazardous  Waste  Remedial  Actions 
Program  (HAZWRAP)  Level  C  (i.e.,  U.S.  Environmental  Protection  Agency  [EPA]  Level  ID)  QC 
requirements  described  in  Requirements  For  Quality  Control  Of  Analytical  Data  (DOE/HWP-65/R1, 
July  1990).  A  comprehensive  QA  assessment  is  presented  in  Appendix  H  of  this  report.  The  QC 
checks  and  results,  applicable  to  the  1991  field  effort,  are  summarized  below. 
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No  compounds  found  in  blanks  None 


CHLORINATED  HERBICIDES  (EPA  Methods  SW>8150) 
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2.2.3. 1  Data  Quality  Objectives 

The  following  sections  summarize  the  data  quality  objectives  (DQOs)  for  precision,  accuracy, 
representativeness,  comparability,  and  completeness  (PARCC)  obtained  during  the  RI  Part  2  at 
Buckley  ANGB. 

2.2.3. 1.1  Precision 

Precision  was  determined  using  matrix  spike/matrix  spike  duplicate  (MS/MSD)  and  duplicate  sample 
analyses  conducted  on  samples  collected  for  volatile  orgamc  compound  (VOC),  semivolatile  organic 
compound  (SVOC),  pesticide/polychlorinated  biphenyl  (PCB),  and  chlorinated  herbicide  analyses  and 
priority  pollutant  metals  (including  total  lead  only)  analyses,  respectively,  during  the  RI  Part  2.  Two 
RPD  values  calculated  from  the  VOC  analyses  were  outside  the  EPA  Contract  Laboratory  Program 
(CLP)  advisory  control  limits  for  analytical  precision.  Since  each  analysis  was  evaluated  according 
to  the  required  QC  criteria  described  in  Appendix  H  (Section  H.3)  and  all  of  these  criteria  were  met 
for  the  environmental  samples  analyzed,  these  RPD  values  are  considered  to  be  a  more  representative 
reflection  of  the  variability  characteristic  of  the  environmental  condition  at  Buckley  ANGB,  and  as 
a  result,  the  analytical  DQO  for  VOC  and  SVOC  precision  is  considered  to  have  been  met.  Ten 
SVOC  RPD  values  calculated  from  the  SVOC  analyses  were  outside  the  EPA  CLP  advisory  control 
limits,  including  eight  values  calculated  from  F3B-12(21 .5-22).  These  results  were  rejected  due  to 
poor  system  performance  compound  recoveries.  Since  the  analytical  MS/MSD  frequency 
requirement  had  previously  been  met  and  all  other  RPD  values  were  within  the  control  limits,  the 
anal5rtical  DQO  for  SVOC  precision  is  considered  to  have  been  met.  All  priority  pollutant  metals 
RPD  values  (of  the  27  values  calculated)  were  within  the  control  limits,  except  chromium,  copper, 
and  zinc.  Therefore,  the  analytical  precision  DQO  for  these  metals  analyses  is  considered  to  have 
been  met. 

Sample  collection  reproducibility  and  media  variability  were  measured  in  the  laboratory  by  the 
analysis  of  field  replicates.  Field  RPD  values  were  calculated  only  for  compounds  and  elements 
detected  above  the  contract  required  detection  limits  (CRDLs)  in  both  replicate  pair  samples  and  only 
for  those  compounds  and  elements  not  considered  to  be  common  laboratory  contaminants  (e.g., 
methylene  chloride).  As  a  result,  no  pesticide/PCB  or  chlorinated  herbicide  RPD  values  could  be 
calculated.  All  VOC  and  SVOC  RPD  values  were  less  than  the  applicable  control  limit,  except  the 
SVOC  2-methylphenol  (97  percent).  This  value  is  attributed  to  matrix  variability  and  the  uneven 
distribution  of  contaminants  within  the  soil  column,  and  as  such,  is  not  considered  to  have  an  adverse 
impact  on  the  associated  environmental  data  quality.  All  priority  pollutant  metals  RPD  values  were 
less  than  the  applicable  control  limit,  except  for  one  lead  value  (i.e.,  1 14  percent)  in  F3B-1 1(1. 5-2.0). 
This  value  is  considered  to  be  the  result  of  natural  matrix  variability  that  could  not  be  overcome  by 
the  sample  mixing  conducted  before  the  sample  portion  collected  for  priority  pollutant  metals  analyses 
was  containerized. 
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2.2.3. 1.2  Accuracy 


Sampling  accuracy  was  maximized  by  adherence  to  the  strict  QA  program  presented  in  DOE/HWP- 
65/Rl.  All  procedures  (i.e.,  soil  boring  and  monitoring  well  installation,  soil  and  groundwater  sample 
collection  procedures,  equipment  decontamination,  and  health  monitoring  equipment  calibration  and 
operation)  used  during  the  RI  Part  2  were  documented  as  standard  operating  procedures  (SOPs). 
Field  QC  blanks  (i.e.,  trip  blanks,  field  blanks,  and  equipment  blanks)  were  prepared  to  ensure  that 
all  samples  represent  the  particular  site  fi'om  which  they  were  collected,  assess  any  cross¬ 
contamination  that  may  have  occurred,  and  qualify  the  associated  analytical  data  accordingly. 

Accuracy  was  determined  using  MS/MSD  and  matrix  spike  analyses  conducted  for  VOC,  SVOC, 
pesticide/PCB,  and  chlorinated  herbicide,  and  priority  pollutant  metals  (including  total  lead  only) 
analyses,  respectively,  during  the  RI  Part  2.  Laboratory  accuracy  was  qualitatively  assessed  by 
evaluating  the  following  laboratory  QC  information:  sample  holding  times,  method  blank,  tuning  and 
mass  calibration  (gas  chromatography/mass  spectrometry  [GC/MS]  only),  system  performance 
compound  and  surrogate  recovery  (GC/MS  and  GC,  respectively,  only),  internal  standard  (GC/MS 
only).  Laboratory  Control  Sample  (LCS)  and  method  blank  spike  recovery,  and  initial  and  continuing 
calibration  results  calculated  fi'om  all  analyses  conducted  on  environmental  samples. 

All  percent  recoveries  were  within  the  control  limits  for  MS/MSD  analyses  conducted  on  the  samples 
collected  and  analyzed  fbr  VCX!)s,  except  fiar  the  trichloroethene  recoveries  in  one  spiked  sample.  All 
percent  recoveries  were  within  the  control  limits  for  the  MS/MSD  analyses  conducted  on  the  samples 
collected  and  analyzed  for  SVOCs,  except  six  compounds.  These  results  were  rejected  due  to  poor 
system  performance  compound  recoveries.  Since  all  other  RPD  values  were  within  the  control  limits, 
the  anal3^ical  DQO  for  SVOC  precision  is  considered  to  have  been  met.  All  supporting  VOC  and 
SVOC  QC  information  cited  above  also  was  qualitatively  evaluated  with  respect  to  the  analytical 
accuracy  DQO.  Methylene  chloride  was  detected  in  nearly  all  laboratory  method  blanks,  in  addition 
to  several  field  QC  blanks  associated  with  the  environmental  samples  collected  during  the  RI  Part  2. 
As  a  result,  all  methylene  chloride  concentrations  detected  in  the  environmental  samples  were 
excluded  fi'om  use  in  the  RI  Part  2  decision  making  process,  since  the  concentrations  detected  did  not 
exceed  five  times  that  detected  in  any  QC  blank.  The  analytical  data  collected  from  one  SVOC 
analysis  (i.e.,  F3W-01-10W)  was  rejected  due  to  system  performance  compound  recovery  results,  and 
as  a  result,  will  not  be  used  in  the  RI  Part  2  decisionmaking  process.  The  analytical  data  collected 
fi'om  one  VOC  reanalysis  (i.e.,  F3B-12  (1.5-2.0)R)  were  qualified  due  to  system  performance 
compound  recovery  results.  One  environmental  sample  collected  for  SVOC  analysis  was  re-extracted 
beyond  the  applicable  holding  time  and  the  results  were  qualified  accordingly.  The  analytical  data 
collected  fi'om  one  SVOC  reanalysis  (i.e.,  F2B-7(1.5-2.0)R)  were  qualified  due  to  intemd  standard 
results.  These  results  are  not  considered  to  have  any  adverse  impact  on  the  environmental  data 
quality,  except  where  noted. 

Twenty-seven  priority  pollutant  metals  percent  recovery  values  were  calculated  fi'om  the  matrix  spike 
analyses  conducted  on  the  soil  and  groundwater  samples  collected  at  Buckley  ANGB.  All  recoveries 
were  within  the  applicable  control  limits,  except  seleniiun  in  one  matrix  spike  sample,  and  as  a  result, 
all  associated  environmental  sample  results  were  qualified  accordingly.  Despite  these  values,  no 
systematic  laboratory  error  was  detected,  since  all  LCS  criteria  for  soil  samples  were  met.  As  a 
result,  all  associated  soil  data  were  qualified  for  data  validation  purposes,  as  required  by  EPA 
validation  guidelines;  however,  the  results  are  considered  to  have  little  impact  on  the  overall 
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environmental  data  quality.  All  percent  recovery  values  calculated  from  the  matrix  spike  analyses 
conducted  on  the  water  samples  collected  during  the  RI  Part  2  were  vithin  the  applicable  control 
limit.  All  supporting  priority  pollutant  metals  QC  information  cited  above  also  was  qualitatively 
evaluated  with  respect  to  the  analytical  accuracy  DQO.  Zinc  and  lead  were  detected  in  the  laboratory 
method  blanks  at  concentrations  less  than  the  CRDL,  but  greater  than  the  Instrument  Detection  Limit 
(IDL).  As  a  result,  the  concentrations  of  these  elements  detected  in  five  groundwater  samples  were 
qualified  as  estimated  (i.e.,  "J[MB]")  due  to  laboratory  method  blank  interference,  since  these 
concentrations  did  not  exceed  five  times  that  detected  in  the  associated  blank. 

Based  on  the  evaluation  of  the  MS/MSD  results  and  the  associated  laboratory  QC  results,  the  overall 
laboratory  accuracy  is  acceptable,  and  as  such,  the  analytical  DQO  for  accuracy  was  met,  except 
where  noted. 

Methylene  chloride  was  detected  at  concentrations  greater  than  the  contract  required  quantitation 
limit  (CRQL)  in  three  equipment  blanks.  This  compound  could  not  be  attributed  to  the  laboratory 
environment,  and  as  a  result,  all  concentrations  of  methylene  chloride  detected  in  the  associated  soil 
samples  were  considered  estimated  and  qualified  accordingly  (i.e.,  "J[EB]"). 

Lead  was  detected  in  one  field  blank  and  zinc  was  detected  in  one  equipment  blank.  No  data 
validation  qualifiers  were  applied  to  the  lead  and  zinc  concentrations  detected  in  the  associated 
environmental  samples,  since  these  elements  were  detected  at  concentrations  less  than  five  times  that 
detected  in  the  associated  laboratory  method  blanks. 

Based  on  an  evaluation  of  the  compounds  and  elements  detected  in  the  field  QC  blanks,  the  overall 
field  accuracy  is  acceptable,  except  where  noted.  As  a  result,  the  field  DQO  for  accuracy  is 
considered  to  have  been  met. 

2.2.3. 1.3  Representativeness 

Representativeness  was  defined  as  the  degree  to  which  the  data  accurately  and  precisely  represent 
a  characteristic  of  a  population,  parameter  variations  at  a  sampling  location,  a  process  condition,  or 
an  environmental  condition.  Sample  representativeness  was  ensured  during  the  RI  by  collecting 
sufficient  samples  of  a  population  medium,  properly  distributed  with  respect  to  location  and  time. 
Representativeness  was  assessed  by  reviewing  the  drilling  techniques  and  equipment;  well  installation 
procedures  and  materials;  and  sample  collection  methods,  equipment,  and  sample  containers  used 
during  the  RI  Part  2,  in  addition  to  the  onsite  GC  analysis  results  and  evaluating  the  RPD  values 
calculated  from  the  duplicate  samples  and  the  concentrations  of  interferents  detected  in  the  field  and 
laboratory  QC  blanks.  The  reproducibility  of  a  representative  set  of  samples  reflects  the  degree  of 
heterogeneity  of  the  sampled  medium,  as  well  as  the  effectiveness  of  the  sample  collection  techniques. 

All  monitoring  wells  were  installed  using  hollow  stem  auger  drilling  techniques.  This  method  is 
commonly  used  to  install  monitoring  wells  to  depths  less  than  100  feet.  All  samples  were  collected 
using  the  split-spoon  driven  in  front  of  the  auger.  As  specified  in  the  Addendum  to  the  Remedial 
Investigation/Feasibility  Study  (RI/FS)  Work  Plan,  submitted  in  May  1991,  California  ring  samplers 
(i.e.,  stainless  steel  liners  inserted  into  a  split-spoon  sampler)  were  to  be  used  to  collect  all  soil 
samples. 
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Based  on  the  evaluation  of  the  field  methods  desciibed  above,  the  field  and  laboratory  QC  blank 
results,  the  samples  collected  during  the  RI  Part  2  are  considered  to  be  representative  of  the 
environmental  condition  at  Buckley  ANGB,  Colorado. 

2.2.3. 1.4  Comparability 

Comparability  is  a  qualitative  parameter  expressing  the  confidence  with  which  one  data  set  can  be 
compared  to  another  and  is  limited  to  the  other  PARCC  parameters,  because  only  when  precision  and 
accuracy  are  known  can  one  data  set  be  compared  to  another.  To  optimize  comparability,  only  the 
specific  methods  and  protocols  that  were  required  by  DOE/HWP-65/R1  were  used  to  collect  and 
analyze  samples  during  the  RI  Part  2.  By  using  consistent  sampling  and  analysis  procedures,  all  data 
sets  were  comparable  within  the  sites  at  Buckley  ANGB,  between  sites  at  the  installation,  or  among 
ANG  facilities  nationwide,  to  ensure  that  remedial  action  decisions  and  priorities  were  based  on  a 
consistent  data  base.  Comparability  also  was  ensured  by  the  analysis  of  EPA  reference  materials, 
establishing  that  the  analytical  procedures  used  were  generating  valid  data. 

All  samples  collected  for  VOC  and  SVOC  analysis  were  analyzed  using  the  March  1990  EPA  CLP 
Statement  of  Work  (SOW).  Samples  collected  for  pesticides/PCBs,  chlorinated  herbicides,  and 
priority  pollutant  metals  analyses  were  analyzed  using  EPA  solid  waste  methods. 

Based  on  the  precision  and  accuracy  assessment  presented  above,  the  data  collected  during  the  RI 
Part  2  are  considered  to  be  comparable  with  the  data  collected  during  the  previous  investigation. 

2.2.3. 1.5  Completeness 

Completeness  was  defined  as  the  percentage  of  valid  data  obtained  from  a  measurement  system.  For 
data  to  be  considered  valid,  they  must  have  met  all  acceptance  criteria,  including  accuracy  and 
precision,  as  well  as  any  other  criteria  specified  by  the  analytical  methods  used.  Based  on  the 
evaluation  of  the  field  and  laboratory  QC  results  presented  in  Appendix  H  (Sections  H.2  and  H.3), 
98. 1  percent  of  the  environmental  sample  data  collected  during  the  RI  Part  2  were  used  as  the  basis 
for  recommendations  presented  in  this  report. 

Project  completeness  was  defined  as  the  percentage  of  data  used  in  the  RI  Part  2  decision-making 
process.  For  analytical  data  to  be  considered  usable  for  this  purpose,  they  must  be  satisfactorily 
validated.  Rejected  (i.e.,  due  to  blank  interference  or  surrogate  and  internal  standard  recoveries) 
values  and  concentrations  reported  for  all  analyses  were  not  used  in  the  risk  estimates  or  for 
remediation  recommendations  due  to  the  increased  potential  of  using  the  concentrations  of  false 
positive  compounds  and  elements  or  omitting  compounds  or  elements  (i.e.,  false  negatives)  that  may 
have  an  adverse  impact  on  human  health.  As  a  result,  36  VOC  and  63  SVOC  points  were  rejected, 
and  as  a  result,  were  not  included  in  the  RI  Part  2  decisionmaking  process. 
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2.2.4  Public  Health  Risk  Assessment  Summary 


The  evaluation  of  the  risk  associated  with  any  contamination  is  necessary  in  order  to  determine  the 
impact  of  any  site  contamination  on  human  health  and  the  environment.  The  following  is  a  summ^ 
of  the  methods  and  procedures  which  were  followed  in  order  to  perform  a  baseline  public  health  risk 
assessment.  A  full  discussion  is  presented  in  Appendix  B  and  the  results  of  the  assessment  are 
presented  in  the  individual  site  by  site  discussions. 

Following  EPA  guidelines  (USEPA  1986  a,b,c,  1988),  the  public  health  risk  assessment  can  be 
divided  into  four  fundamental  component  analyses;  1)  hazard  identification;  2)  exposure  assessment; 
3)  toxicity  or  hazard  assessment;  and  4)  risk  characterization.  Hazard  identification  is  the  selection 
of  "highest  risk"  compounds  based  upon  the  quantity,  mobility,  persistence,  and  toxicity  of  the 
compounds  found  at  the  site.  Exposure  assessment  is  the  determination  of  exposure  pathways  (i.e., 
drinking  of  groundwater),  populations  exposed  (i.e..  Base  personnel),  and  extent  of  exposure 
(intensity,  duration,  frequency).  The  toxicity  or  hazard  assessment  is  the  evaluation  of  the  inherent 
toxicity  of  the  compounds  identified  during  hazard  identification.  These  toxicities  are  found  in 
literature  resultant  through  compound  dose/subject  response  studies  on  human  and  non-human 
receptors  and  include  carcinogenic  and  noncardnogenic  effects.  The  risk  characterization  is  the  final 
step  in  the  public  health  risk  assessment  and  consists  of  combining  all  of  the  above  information  and 
through  a  series  of  calculations,  and  determining  if  a  risk  is  associated  with  any  contamination  found 
at  a  site. 

In  addition  to  the  calculation  of  risk,  any  contamination  found  at  the  sites  are  compared  to  Applicable 
or  Relevant  and  Appropriate  Requirements  (ARARs).  ARARs,  in  this  case,  are  regulations 
promulgated  by  various  local  to  national  agencies  for  the  protection  of  human  health  or  the 
environment  which  define  maximum  tolerable  concentrations  of  contaminant  compounds  allowed  in 
drinking  and/or  surface  water  supplies. 
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3 .0  REGIONAL  ENVIRONMENTAL  SETTING 

This  section  presents  the  background  environmental  setting  which  is  necessary  for  assessing  any  site 
impacts  upon  human  health  or  the  environment  and  for  determining  the  significance  of  the 
environmental  data  collected.  A  thorough  knowledge  of  the  hydrogeology  is  necessary  because  it 
is  the  soil  and  groundwater  at  the  sites  which  are  most  likely  affected  by  any  contamination  and 
govern  the  fate  and  transport  of  contamination.  The  background  environmental  cheimstry  of  soils 
and  groundwater  were  determined  in  order  to  evaluate,  which  contaminants  are  of  site  origin  and 
which  are  naturally  occurring  or  a  result  of  contamination  fi’om  other  off-base  sources. 

3.1  HYDROGEOLOGY 

3.1.1  Regional  Hydrogeologic  System 

The  U.S.  Geological  Survey  recently  completed  an  extensive  series  of  studies  of  the  hydrogeologic 
system  along  the  Front  Range  of  Colorado.  The  study  included  investigations  of  geologic  structure, 
hydraulic  characteristics,  and  water  quality  of  the  principal  groundwater  aquifers  (Robson  and 
Romero  1981a;  Robson  and  Romero  1981b;  Robson  et  al.  1981a;  Robson  et  al.  1981b;  Robson  1983; 
and  MUier  et  al.  1983).  The  following  discussion  is  based  upon  salient  aspects  of  that  study,  results 
of  the  present  investigation,  and  other  references  as  cited. 

3. 1.1.1  Regional  Geologic  Framework 

Buckley  ANGB  is  positioned  within  the  Denver  Basin  of  Colorado.  This  basin  covers  an  area  of 
approximately  6700  square  miles  (mi^)  and  is  analogous  in  shape  to  a  shallow  (relative  to  its  width) 
bowl  shaped  depression  which  has  been  filled  in  with  over  3500  ft  of  sedimentary  rocks  generally 
from  erosional  processes  within  the  mountains  to  the  west  (Figure  3-1).  The  sedimentary  rocks 
which  have  filled  the  basin  are  comprised  of  sk  geologic  formations,  in  descending  order  within  the 
basin;  the  Castle  Rock  Conglomerate;  Dawson  Arkose;  the  Denver,  Arapahoe,  and  Laramie 
Formations;  and  the  Fox  Hills  Sandstone.  The  Pierre  Shale,  an  8000-ft  thick  formation  consisting 
primarily  of  relatively  impermeable  shale,  forms  the  bottom  of  the  Denver  Basin. 

The  Castle  Rock  Conglomerate  and  Dawson  Arkose  occur  only  within  the  central  portion  of  the 
Denver  Basin  which  are  removed  fi'om  Buckley  ANGB,  and  are  therefore  not  considered  further 
herein.  The  Denver  Formation  (and  associated  aquifer)  and  eolian  surficial  deposits  which  outcrop 
within  the  Base  area,  would  be  the  most  likely  formation  to  be  affected  by  hazardous  waste  handling, 
storage,  and  disposal  activities  at  the  Base  and  is  therefore  the  focus  of  this  study.  The  underlying 
Arapahoe  and  Laramie  Formations,  and  the  Fox  Hills  Sandstone  are  not  likely  to  be  affected  by  Base 
activities  because  of  the  great  thickness  of  and  hydrogeological  conditions  within  the  Denver 
Formation  and  the  relatively  low  volumes  of  hazardous  waste  handled,  stored,  or  disposed  of  on  the 
Base.  Therefore,  they  will  only  be  briefly  discussed. 
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Figure  3-1.  Index  Map  of  the  Denver  Basin  and  Generalized  Geologic  Section. 
(Modified  from  Robson  and  Romero,  1981  b) 
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The  Denver  Formation  is  a  600-  to  1000-ft  thick  (approximately  850  ft  in  the  Base  area)  sequence 
of  variably  consolidated,  interbedded  shale,  claystone,  siltstone,  and  sandstone  which  occurs  in  poorly 
defined  lenticular  beds.  The  formation  is  primarily  (70%)  composed  of  thick  sequences  of  shale  and 
claystone  with  the  other  30%  composed  of  coarser  grained  sediments  irregularly  dispersed  in  beds 
ranging  in  thickness  from  a  few  inches  to  as  much  as  50  ft.  The  Denver  Formation  is  characterized 
by  its  olive,  green-grey,  brown,  and  tan  color  derived  from  the  erosional  source  in  the  mountains  of 
like-colored  basaltic  and  andesitic  lava  flows.  Other  characteristics  are  the  presence  of  thin  coal  beds, 
and  the  high  percentage  of  shales  and  mudstones. 

Within  the  outcrop  area  of  the  Denver  Formation,  as  at  Buckley  ANGB,  this  formation  is  covered 
with  a  thin  mantle  (generally  less  than  10  ft)  of  windblown  deposits  of  loess  and  fine  sand. 
Additionally,  in  ancient  and  present  stream  and  river  valleys,  there  are  alluvial  deposits  which  were 
derived  from  the  relatively  recent  erosion  of  the  Denver  Formation.  In  the  Base  area,  these  alluvial 
deposits  exist  along  Tollgate  and  Coal  Creeks  and  their  tributaries.  These  alluvial  deposits  tend  to 
be  coarser  grained  than  their  erosional  source  beds. 

Underlying  the  Denver  Formation  are;  1)  the  400-  to  700-ft  thick  Arapahoe  Formation  of 
interbedded  conglomerate,  sandstone,  siltstone,  and  shale;  2)  the  Laramie  Formation  with  400  to  500 
ft  of  shale,  coal  and  minor  siltstone  and  sandstone  beds;  3)  the  200-  to  300-ft  thick  Fox  Hills 
Sandstone  of  primarily  sandstone  with  minor  thickness  of  shale,  and;  4)  the  5,000-  to  8,000-ft  thick 
Pierre  Shale  of  predominantly  shale  with  very  minor  beds  of  siltstone  and  sandstone. 

3. 1.1.2  Regional  Hydrogeology 

Four  aquifers  are  located  within  the  sandstone,  conglomerate,  and  siltstone  beds  of  the  Denver  Basin. 
The  claystones  and  shales  form  relatively  impermeable  confining  layers  which  impede  vertical,  and 
because  of  the  general  lenticular  structure  of  the  sedimentary  beds,  horizontal  groundwater  flow.  In 
descending  order  within  the  basin,  these  aquifers  are  the  Dawson,  Denver,  Arapahoe,  and 
Laramie-Fox  Hills  Aquifers.  The  latter  is  a  combination  of  the  coarser  grained  beds  from  both  the 
Laramie  Formation  and  Fox  Hills  Sandstone.  For  reasons  cited  above,  the  Denver  and  associated 
surficial  aquifers  will  be  the  focus  of  this  study.  Figure  3-2  depicts  the  conceptual  regional 
hydrogeologic  system  in  the  Denver  area,  defined  as  the  Nonglaciated  Central  groundwater  region 
(Heath  1984). 

The  Denver  Aquifer  consists  of  the  variably  consolidated  sandstone,  conglomerate,  and  siltstone 
deposits  of  the  Denver  Formation.  Only  an  estimated  30%  of  the  deposits  within  the  Denver 
Formation  fit  this  description.  Both  water  table  and  confined  conditions  occur  within  the  Denver 
Aquifer.  Generally,  water  table  conditions  exist  where  the  Denver  Formation  outcrops,  or  is  overlain 
by  alluvial  deposits  or  eolian  deposits  as  in  the  vicinity  of  Buckley  ABGB.  In  the  central  portion  of 
the  Denver  Basin,  where  the  Denver  Formation  is  overlain  by  the  Dawson  Arkose,  confined 
conditions  generally  are  present.  Recharge  to  the  Denver  Aquifer  in  outcrop  areas  occurs  by  direct 
infiltration  of  precipitation  and  irrigation  water  in  highland  areas  and  by  downward  leakage  in  the 
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Figure  3-2.  Conceptual  Model  of  the  Regional  Hydrogeologic  System  at  Buckley  ANGB 
Aurora,  Colorado.  (Modified  from  Heath,  1984) 
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upland  reaches  of  stream  and  river  valleys  by  alluvial  aquifers.  Recharge  in  the  central  portion  of  the 
Basin  principally  occurs  from  downward  leakage  of  groundwater  from  overlying  formations. 
Groundwater  discharge  is  primarily  in  the  form  of  seepage  and  evapotranspiration  into  valleys 
where  the  aquifer  outcrops  providing  baseflow  to  local  streams  and  rivers  and  is  also  responsible  for 
the  concentration  of  vegetation  in  the  stream  valleys.  Additionally,  minor  but  significant  amounts  of 
groundwater  are  discharged  from  the  aquifer  by  downward  seepage  into  the  underlying  Arapahoe 
Aquifer  and  to  pumping  wells.  Groundwater  flow  within  the  Denver  Aquifer  is  generally  radially 
outward  from  the  center  of  the  basin.  In  the  Buckley  ANGB  area,  where  the  aquifer  outcrops,  flow 
on  the  regional  basis  is  toward  the  northwest  toward  the  South  Platte  River  which  serves  as 
groundwater  divide  within  the  aquifer  and  is  a  major  discharge  area  for  the  aquifer.  Hydraulic 
conductivity  has  been  found  to  be  as  high  as  3  x  lO"^  ft/sec  for  long  screened  sections  of  the  aquifer 
but  values  on  the  order 

of  2  X  Ifr’  ft/sec  are  documented  in  the  general  vicinity  of  Buckley  ANGB.  Storativity  values  where 
unconfined  conditions  exist  within  the  Denver  Formation  range  from  0.09  to  0.33  and  range  from  2 
xlO^toOxlfr'in  confined  portions  of  the  aquifer.  Maximum  transmissivity  values  for  the  Denver 
Aquifer  are  3000  gpd/ft,  but  values  reported  within  the  Base  vicinity  are  in  the  375  gpd/ft  range. 
These  values  for  the  aquifer  parameters  of  the  Denver  indicate  that  the  aquifer  is  a  relatively  poor 
producer  of  groundwater  and  relatively  large  thickness  of  the  aquifer  must  be  screened  in  order  to 
produce  significant  quantities  of  groundwater.  This  is  directly  related  to  the  large  percentage  of 
relatively  impermeable  fine  grained  sediments,  and  the  limited  areal  extent  and  lenticular  structure  of 
the  water  producing  sandstone,  conglomerate,  and  siltstone  beds  within  the  Denver  Formation. 

Other  important  aquifers  in  the  Denver  Basin,  especially  in  the  Buckley  ANGB  area,  are  located 
within  the  present  and  ancestral  surficial  stream  and  river  valleys.  These  20-  to  1 00-ft  thick  deposits 
form  the  alluvial  aquifer  system  in  the  area  and  are  the  result  of  erosion  of  upland  bedrock  areas. 
Unconfined  conditions  exist  in  this  aquifer  because  of  its  surficial  setting  and  relatively  coarse  grained 
nature.  Groundwater  recharge  to  this  aquifer  is  a  result  of  a  direct  infiltration  of  precipitation  and 
irrigation  water  and  by  lateral  and  upward  seepage  of  groundwater  in  the  downstream  reaches  of  the 
valleys.  Groundwater  discharge  from  the  alluvial  aquifers  is  through  seepage  to  streams, 
evapotranspiration,  downward  seepage  into  underlying  bedrock  aquifers  and  by  extraction  via 
pumping  wells.  (It  is  important  to  note  that  these  recharge/discharge  relationships  are  dynamic  and 
are  primarily  dependent  upon  seasonal  and  yearly  variations  in  precipitation  and  irrigation.) 

Groundwater  flow  is  generally  downstream  and  toward  the  stream  channel.  In  the  Base  area,  this 
flow  is  thought  to  be  toward  the  northwest  following  the  trend  of  the  stream  valleys.  Aquifer 
parameter  information  is  limited,  however,  because  of  the  coarse-grained  nature  of  the  alluvial 
aquifers.  The  hydraulic  conductivity  and  storage  values  are  probably  higher  than  the  underlying 
bedrock  aquifers.  Transmissivity  values  vary  greatly  from  very  small  values  in  the  upstream  reaches 
where  the  alluvium  is  thin  and  finer  grained  to  relatively  high  along  the  South  Platte  River  where 
alluvium  thicknesses  are  relatively  great  and  the  grain  size  coarser.  Because  of  this  variation,  well 
yields  within  this  aquifer  range  from  below  100  gpm  in  the  upper  reaches  of  the  stream  valleys  to 
over  1600  gpm  in  wells  in  the  South  Platte  River  Valley. 
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The  aquifers  underlying  the  Denver  Formation,  the  Arapahoe  and  Laramie-Fox  Hills 
Aquifers,  share  similar  hydrogeologic  characteristics  with  the  Denver  Aquifer.  These 
underlying  aquifers  differ  primarily  in  the  greater  percentage  of  area  where  confined 
conditions  exist  and  in  the  larger  percentages  of  water  bearing  strata  within  the  host 
formations  which  lead  to  a  greater  capacity  to  transmit  groundwater.  The  Pierre  Shale 
which  underlies  the  Basin  forms  a  relatively  impermeable  base  to  the  Denver  Basin  aquifer 
system. 

3.1.1.3  Groundwater  Use  and  Development 

The  Denver  Basin  aquifer  system  is  a  secondary  source  of  drinking  water  for  suburban 
Denver  and  surrounding  rural  communities.  Wells  have  tapped  the  water  producing 
capabilities  of  all  aquifers  in  the  Denver  area.  Generally,  for  cost  reasons,  shallow  wells  are 
drilled  into  the  outcropping  formation  at  the  drilling  site  or  in  nearby  alluvial  valleys. 

Within  a  2-mi  radius  downgradient  of  Buckley  ANGB  area  the  Colorado  Division  of  Water 
Resources  has  registered  over  170  wells  (Dames  &  Moore  1987).  The  majority  of  these 
wells  are  screened  within  the  shallow  alluvial  aquifers  which  exist  in  Sand  Creek  and  its 
tributary  valleys,  although  some  wells  are  screened  through  large  thicknesses  of  outcropping 
Denver  Formation. 

Groundwater  use  has  resulted  in  water  level  drawdowns  in  excess  of  200  ft  in  some  areas. 
The  city  of  Aurora,  which  supplies  drinking  water  for  the  environs  of  Buckley,  draws  90% 
of  its  water  from  surface  sources.  Within  the  Buckley  ANGB  area,  water  levels  have  risen 
as  much  as  50  ft  from  levels  noted  20  to  40  years  ago.  This  rise  has  been  attributed  to  the 
recharge  effect  of  the  Cherry  Creek  Reservoir  located  approximately  4  mi  from  the  Base. 

3.1.1.4  Water  Quality  of  the  Denver  Aquifer 

Water  in  the  Denver  Aquifer  is  generally  of  good  chemical  quality,  meeting  drinking  water 
standards  (Colorado  Department  of  Health  1976,  1977)  for  public  supplies  in  all  areas 
except  the  extreme  northern  part  of  the  aquifer  where  the  water  contains  high 
concentrations  of  dissolved-solids  and  especially  dissolved  sulfates.  The  water  in  the  central 
portion  is  classified  as  a  calcium  bicarbonate  type  and  changes  to  a  sodium  bicarbonate  or 
sodium  sulfate  type  near  the  margins.  The  calcium  bicarbonate  type  is  a  result  of  calcium 
bicarbonate  water  of  the  overlying  Dawson  Aquifer  moving  down  into  the  Denver  Aquifer. 
As  the  water  moves  laterally  through  the  Denver  Aquifer,  it  is  naturally  softened  by 
ion-exchange  (calcium  ions  for  sodium  ions)  on  the  surface  of  clay  minerals  within  the 
Denver  Formation.  In  the  areas  of  outcrop  of  the  Denver  Aquifer,  as  in  the  Base  Area,  the 
availability  of  oxygen  in  the  surficial  soils  and  bedrock  leads  to  the  formation  of  soluble 
minerals  in  the  sediments,  coal,  and  organic  material  which  are  common  in  the  formation. 
Downward  percolation  of  precipitation  then  carries  the  soluble  minerals  into  the 
groundwater.  This  process  along  with  ion-exchange  lead  to  the  sodium  bicarbonate  or 
sodium  sulfate  type  waters  found  in  the  outcrop  areas  of  the  Denver  Aquifer. 
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The  concentrations  of  dissolved  solids  in  the  groundwater  is  a  measure  of  the  mineral  content  of  the 
water.  Concentrations  of  dissolved  solids  in  the  Denver  Aquifer  are  generally  less  than  300  mg/1  in 
the  central  part  of  the  aquifer  (and  the  Denver,  Aurora  area)  but  increase  to  over  1000  mg/1  along  the 
marginal  outcrop  area.  This  trend  in  rising  dissolved  solids  is,  again,  attributable  to  the  differences 
in  recharge  sources  discussed  above.  Additionally,  the  increased  mineral  concentration  is  further 
enhanced  around  the  margins  by  lateral  thinning  of  the  aquifer  concentrating  the  dissolved  minerals 
in  a  smaller  volume  of  water. 

Inorganic  materials  present  in  the  Denver  Formation  alters  the  chemistry  of  the  water  by  decreasing 
the  oxygen  content  which  leads  to  the  dissolution  and  transportation  of  iron,  which  is  normally 
insoluble.  Upon  extraction  and  subsequent  exposure  to  oxygen  the  iron  precipitation  may  occur. 
Iron  content  of  water  in  the  Denver  Aquifer  varies,  but  generally  dissolved  iron  concentrations  range 
from  10-150  mg/1  which  is  below  the  limit  of  300  mg/1  recommended  by  the  U.S.  Environmental 
Protection  Agency  (1977). 

Generally,  groundwater  in  the  Base  area  represents  some  of  the  better  quality  water  of  the  Denver 
Aquifer.  It  is  soft  water  with  low  concentrations  of  dissolved-solids,  dissolved-sulfate,  and 
dissolved-iron,  making  it  good  quality  water  for  public  use.  The  Base  is  located  within  the  outcrop 
area  of  the  Denver  Formation  and  is  susceptible  to  the  formation  of  soluble  minerals  and  metals  in 
the  vadose  zone  which  can  be  transported  into  the  groundwater  by  infiltration. 

3.1.2  Base-wide  Hydrogeology 

This  section  summarizes  the  base-wide  characteristics  of  the  hydrogeology  at  Buckley  ANGB.  Site 
specific  hydrogeologic  results  appear  in  each  site  by  site  discussion  in  Sections  4.0  through  9.0. 
These  characteristics  were  determined  through  geologic  and  hydrogeologic  data  collected  during  the 
SAIC  field  program  as  described  in  Section  2.0.  Data  collected  during  previous  studies  (Dames  & 
Moore  1986;  Dames  &  Moore  1987)  was  also  incorporated  into  this  summary.  Note  that  the  focus 
of  this  investigation  was  the  surficial  aquifers  at  the  Base,  namely  the  alluvial  and  Denver  Aquifers. 
Because  the  structure,  the  preponderance  of  fine-grained  rocks  within  the  Denver  Formation,  and  the 
relatively  small  quantities  of  hazardous  substances  handled,  stored,  or  disposed  of,  contamination 
below  the  Denver  Aquifer  is  extremely  unlikely  at  Buckley  ANGB  even  thou^  a  downward  hydraulic 
gradient  probably  exists.  The  following  specific  data  included  in  this  report  which  were  used  to 
create  this  summary: 

•  Soil  Boring  and  Monitoring  Well  Logs  and  Completion  Forms  found  in  Appendix  C 

•  Static  water  level  elevations  (RI  Parts  1  and  2)  presented  in  Table  3-1 

•  Potentiometric  surface  maps  developed  for  the  respective  sites 

•  Aquifer  Test  Data,  presented  in  Appendix  D  and  summarized  in  Table  3-2. 
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TABLE  3-1 .  STATIC  GROUNDWATER  ELEVATIONS  FOR  COLORADO  AIR  NATIONAL  GUARD. 

BUCKLEY  FIELD.  AURORA,  COLORADO 


STATIC  WATER  LEVEL 

01/20/89 

08/1 5&1 6/91 

srrewELL 

NUMBER 

DEPTH 
(FT  BLS) 

ELEVATION 
(FT  ABOVE  MSL) 

DEPTH 
(FT  BLS) 

ELEVATION 
(FT  ABOVE 
MSL) 

Sitel:  Former  Base  Landfili 

LFW-5 

11.6 

5514.22 

13.90 

5511.94 

LFW-6 

32.7 

5508.53 

35.25 

5505.94 

LFW-7 

16.8 

5504.24 

22.60 

5498.44 

LFW-8 

12.9 

5492.09 

12.83 

5492.17 

MW-1  * 

25.5 

5526.00 

23.54 

5526.26 

MW-2* 

16.9 

5541.27 

40.55 

5520.02 

MW-3  * 

16.9 

5501.06 

Dry 

Dry 

MW-4  ‘ 

14.8 

5500.51 

Dry 

Dry 

LFW.13 

— 

— 

14.30 

5502.36 

LFW-14 

... 

— 

16.17 

5506.96 

LFW-15 

— 

— 

10.63 

5512.33 

LFW-16 

— 

22.80 

5524.82 

LFW-17 

— 

“ 

17.67 

5531.82 

Site  2:  Former  Fire  Training  Area  No.  1 

F1W-3 

9.1 

5556.28 

— 

— 

Site  3:  Former  Fire  Training  Area  No.  2 

F2W-3A  (shallow) 

25.7 

5575.25 

... 

F2W-3B  (deep) 

28.2 

5572.79 

— 

— 

F2W-4 

24.8 

5571.13 

— 

— 

F2W.5 

25.1 

5572.16 

— 

— 

Site  4:  Fire  Training  Area  No.  3 

F3W-3 

39.2 

5499.08 

40.70 

5497.60 

F3W-4 

39.0 

5497.72 

40.12 

5496.28 

F3W-5 

38.4 

5497.96 

39.90 

5496.50 

F3W-8 

— 

40.18 

5495.75 

F3W-10 

-- 

— 

39.93 

5496.41 

F3W.13 

— 

— 

40.46 

5495.94 

Site  6:  Former  Sewage  Treatment  Plant 

MW-1  * 

48.6 

5433.41 

... 

MW-2  * 

48.6 

5432.73 

— 

— 

MW-3* 

Dry 

Dry 

— 

— 

Background  Well 

BGW-2 

14.0 

5595.38 

— 

— 

BLS  -  Below  Land  Surface. 

MSL  -  Mean  Sea  Level  Datum. 

*  -  Denotes  monitoring  wells  which  were  instalied  during  a  previous  study. 

-  Static  water  leveis  not  taken. 
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SITE/WELL  HYDRAULIC  CONDUCTIVITY 

NUMBER  (ft/min)  STORATIVITY  ANALYSIS  METHOD/COMHENTS 
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Storativity  cannot  be  calculated  from  the  Hvorslev  method  of  analysis. 


The  subsections  which  follow  present  det^ed  descriptions  of  hydrogeologic  conditions  at  each 
specific  site.  There  are,  however,  a  number  of  hydrogeologic  characteristics  which  are  consistent 
across  the  Buckley  ANGB  area  and  can  be  addressed  in  a  single  discussion  which  applies  to  and  sets 
a  framework  for  all  of  the  individual  sites. 

The  general  geologic  setting  of  Buckley  ANGB  is  depicted  in  Figures  3-3  and  3-4.  Only  one 
formation,  the  Denver  Formation,  was  encountered  during  the  drilling  program  at  the  base. 
Associated  alluvial  deposits  and  surficial  eolian  deposits  were  also  encountered. 

The  alluvial  deposits  encountered  were  confined  to  stream  valleys,  which  run  through  Site  1 -Former 
Base  Landfill,  Site  2-Former  Fire  Training  Area  No.  1,  and  in  the  BGW-2  background  well  location. 
Discerning  the  alluvial  deposits  from  the  Denver  Formation  is  difficult  because  the  alluvium  is  derived 
from  the  Denver  Formation.  Nonetheless,  the  alluvial  deposits  appear  to  be  a  maximum  10-  to  15-ft 
thick  in  the  central  portions  of  the  valley,  gradually  decreasing  in  thickness  along  the  valley  flanks. 
The  sediments  in  these  deposits  share  the  same  general  characteristics  of  the  source  rock  (the  Denver 
Formation)  except  that  they  tend  to  be  coarser  grained  and  more  homogeneous. 

A  surficial  layer  of  eolian  deposits  was  also  encountered.  These  consisted  of  fine  sand  and  loess 
deposits.  The  loess  was  exposed  at  the  land  surface  throughout  the  base  and  generally  tended  to  be 
less  than  5  ft  in  thickness  and  consisted  primarily  of  a  brown  silt  with  traces  of  very  fine  sand  and 
clay.  An  underlying  windblown  brown  fine  sand  deposit  was  difficult  to  differentiate  from  the 
underlying  Denver  Formation  because  of  the  similarity  between  the  two  but  appears  to  be  5  to  20  ft 
in  thickness.  The  fine  sand  eolian  deposits  were  principally  found  in  the  central  portion  of  the  Base 
as  shown  in  Figure  3-3. 

The  majority  of  drilling  activities  were  performed  within  the  Denver  Formation.  This  unit  which 
exhibited  the  regional  characteristics  that  were  noted  previously  including  the  large  percentage  of  fine 
grained  materials,  the  olive,  green-grey,  and  brown  color,  the  presence  of  coal  seams,  and  the 
variation  in  degree  of  consolidation.  Shale,  coal,  clay,  silt,  mudstones,  and  sandstone  units  were  all 
encountered  during  drilling.  These  rock  types  vary  greatly  in  thicknesses,  degree  of  consolidation, 
and  in  areal  extent,  reflecting  the  lenticular  structure  of  the  beds.  This  variation  is  so  great  and 
irregular  that  beds  from  wells  as  close  as  100  ft  cannot  be  correlated  with  any  degree  of  confidence; 
therefore,  geologic  cross-sections  are  not  included  in  this  report. 

The  water-bearing  strata  encountered  at  the  Base  are  primarily  limited  to  the  Denver  Formation 
because  of  the  relative  thiimess  of  the  eolian  and  alluvial  deposits  and  depth  of  the  water  table  (Figure 
3-4).  The  variation  in  thickness  and  areal  extent  of  individual  beds  of  varying  hydrologic  properties 
(highly  permeable  sands  vs.  low  permeability  clays  and  shales)  lead  to  an  extremely  complex 
hydrogeologic  system  at  Buckley  ANGB.  On  a  regional  scale,  the  Denver  Aquifer  is  under  water 
table  conditions;  however,  on  a  local  scale,  both  confined  and  semiconfined  conditions  occur  because 
of  the  variation  in  rock  types  and  thickness.  Perched  water  table  conditions  undoubtedly  also  exist 
during  parts  of  the  year.  Also,  it  is  likely  that  these  conditions  change  as  seasonal  fluctuations  in  the 
water  table  occur,  possibly  creating  perched  water  tables  and  water  table  conditions  as  water  levels 
fall  and  locally  confined  conditions  as  water  levels  rise. 
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Figure  3-3.  Surficial  Geology  at  Buckley  ANGB  (Simons,  Li  &  Assoc.,  1982). 
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Figure  3*4.  Generalized  Geologic  Cross  Section  at  Buckley  ANGB.  See  Figure  3*3  for 
Cross  Section  Location  (Dames  and  Moore,  1987;  Modified  from 
Robson  and  Romero,  1981  b). 
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Static  groundwater  measurements  (Table  3-1)  taken  during  the  RI  Part  1  range  from  9. 1  ft  below  land 
surface  (BLS)  at  Well  FlW-3  at  Site  2-Former  Fire  Training  Area  No.  1  to  48.6  ft  BLS  at  MW-1  ^d 
MW-2  at  Site  6-Former  Sewage  Treatment  Plant.  The  potentiometric  surface  ranges  in  elevation 
from  5432.73  ft  above  Mean  Sea  Level  (MSL)  at  Site  6-Former  Sewage  Treatment  Plant  to  5595.38 
ft  above  MSL  at  background  well  BGW-2  located  in  the  far  southeastern  portion  of  the  Base.  These 
levels  compare,  within  2  ft,  with  levels  taken  in  October  1986  in  the  previously  installed  wells  at  the 
Base.  These  levels  show  that  groundwater  flow  is  toward  the  northwest  in  agreement  with  the 
previously  noted  regional  flow  that  is  dominated  by  the  aquifer  discharge  area  along  the  South  Platte 
River.  Close  inspection  of  water  levels  show  that  the  potentiometric  surface  generally  mimics 
topography  which,  coincidentally,  also  generally  slopes  to  the  northwest.  This  reflects  the  recharge 
effects  of  precipitation  infiltration  in  the  upland  areas  at  the  Base  and  the  discharging  of  groundwater 
to  Tollgate  Creek  and  Sand  Creek  Valleys.  Three  facts  which  should  be  kept  in  mind  while  assessing 
the  potentiometric  surface  at  the  base  are:  1)  significant  seasonal  water-level  changes  throughout  the 
year  which,  when  coupled  with  the  complex  hydrologic  properties  of  the  Denver  Aquifer,  may  cause 
flow  direction  changes;  2)  because  of  the  various  aquifer  types  (confined  vs.  water  table),  care  should 
be  taken  in  comparing  static  water  levels;  and  3)  because  downward  gradients  exist  at  the  base,  water 
levels  within  wells  represent  an  equilibrium  state  that  is  dependent  on  the  total  depth  of  the  well  and 
the  lithology  encountered  within  each  well,  i^parent  hydraulic  gradients  (RI  Part  1)  range  from  0.02 
at  Site  l-Former  Base  Landfill  to  .0015  at  Site  3-Former  Fire  Training  Area  No.  2.  Comparing  these 
values  to  topography  at  the  respective  sites  shows  this  is  a  result  of  the  potentiometric  surface 
reflecting  surface  topography. 

One  nested  well  pair  (F2W-3A  and  B)  was  installed  at  Buckley  ANGB.  Static  water  levels  within 
these  wells  show  that  there  is  a  sizeable  (0. 15  ft)  downward  hydraulic  gradient  between  the  upper  ^d 
lower  wells.  Even  though  these  are  limited  data,  this  downward  gradient  is  in  agreement  with 
previous  studies  on  the  Denver  Aquifer,  and  indicates  that  this  downward  gradient  probably  exists 
throughout  most  of  the  Base.  However,  because  of  the  existence  of  a  large  percentage  of  low 
permeability  shale,  claystone,  and  mudstone  beds,  the  great  majority  of  groundwater  flow  is  still 
within  a  horizontal  plane.  This  is  in  agreement  with  regional  properties  of  the  aquifer,  as  discussed 
in  previous  sections. 

Aquifer  slug  testing  (Table  3-2)  conducted  during  the  RI  Part  1  yielded  values  of  hydraulic 
conductivity  values  ranging  from  4  x  10^  ft/sec  (1.2  x  lO"^  cm/sec)  to  1  x  10"*  ft/sec  (3.0  x  10"’  cm/sec) 
in  the  wells  installed  at  the  Base  during  this  study.  These  tests  are  generally  considered  only  to  be 
+/-  one  order  of  magnitude  in  accuracy.  However,  these  values  agree  well  with  literature  on  the 
Denver  Aquifer,  as  discussed  earlier  in  this  section.  These  values  are  in  agreement  with  values  cited 
in  literature  for  silt,  silty  sand,  and  fine-to-coarse  sands,  which  are  screened  by  the  wells  at  the  Base 
(Freeze  and  Cherry  1979).  Hydraulic  conductivity  values  showed  no  apparent  trends  across  the  Base. 
Storativity  values,  yielded  from  the  testing  of  monitoring  wells  locally  under  confined  conditions, 
ranged  in  the  10'^  to  10  ’  range.  Because  of  existing  analysis  methods,  these  values  are  generally 
considered  to  be  only  within  +/-  2  to  3  orders  of  magmtude  in  accuracy  and  are  therefore  limited  in 
value.  Regional  values  of  storativity,  cited  in  literature  previously  discussed,  are  in  the  10^  range, 
lower  than  those  derived  from  testing  performed  in  this  effort.  This  can  be  attributed  either  to 
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analysis  inaccuracy  but  may  reflect  semi-  or  poorly-confined  aquifer  conditions  in  this  area. 

3 .2  BACKGROUND  SAMPLING  RESULTS 

Knowledge  of  background  concentrations  of  contaminants  are  necessary  in  order  to  determine  which, 
if  any,  contaminants  are  of  site  origin  and  which  can  be  attributed  to  other  causes.  These  sampling 
points  consist  of  one  soil  boring  (BGB-1)  and  one  groundwater  monitoring  well  (BGW-2).  The 
locations  of  these  points  are  shown  in  Figure  3-5.  In  order  to  determine  back-  ground  concentrations 
of  contaminants,  two  background  sampling  points  were  established  in  relatively  undeveloped, 
hydraulically  upgradient  locations  at  Buckley  ANGB. 

Background  contaminants  occur  for  several  reasons.  First,  they  can  be  of  natural  origin,  soils  and 
groundwater  commonly  contain  natural  concentrations  of  heavy  metals  and  may  contain  orgamc 
contaminants  in  petroleum  and  coal  rich  areas.  Secondly,  widespread  application  of  agricultural 
chemicals  or  airborne  pollution  "fallout"  can  effect  background  concentrations.  Lastly,  the  presence 
of  hydraulically  upgrsdient  waste  disposal  fecUities  can  result  in  elevated  background  concentrations. 

3.2.1  Monitoring  Well  Borehole  Soil  Sample  Results 

Two  soil  samples  (fi-om  8  to  10  ft  and  19  to  21  ft)  and  a  groundwater  sample  were  collected  from  the 
backgrovmd  monitoring  well  boreholes  during  the  RI  Part  1,  and  sent  to  the  contract  laboratory  for 
analysis.  The  analyses  were  identical  to  those  performed  on  the  monitoring  station  samples. 
Summaries  of  the  compounds  detected  in  the  background  soil  samples  are  presented  in  Table  3-3. 
Table  3-4  presents  the  calculated  average  concentration,  the  standard  deviation,  reporting  limit,  the 
95%  confidence  interval  for  each  priority  pollutant  metal,  and  the  expected  background  ranges  for 
metals  found  at  other  sites  throughout  the  world. 

No  volatile  or  semivolatile  organic  compounds  and  no  chlorinated  pesticides  or  herbicides  were 
detected  above  reporting  limits  in  the  background  soils.  Nine  priority  pollutant  metals  (arsenic, 
beryllium,  total  chromium,  copper,  lead,  mercury,  nickel,  selenium,  and  zinc)  were  detected  in  the 
background  soils  above  laboratory  reporting  limits,  although  not  above  the  average  soil  background 
range.  Antimony,  cadmium,  silver,  and  thallium  were  not  detected  in  the  background  soils  at  the 
laboratory  reporting  limits  shown. 

3.2.2  Groundwater  Results 

Table  3-5  summarizes  the  compounds  detected  in  the  background  groundwater  sample  collected 
during  the  RI  Part  1.  Methylene  chloride  was  the  only  volatile  organic  compound  detected  in  the 
groundwater  above  the  reporting  limits,  but  is  not  considered  an  environmental  contaminant  at  this 
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Figure  3-5  Location  of  Background  Monitoring  Wells,  Colorado  Air  National  Guard,  Buckley 
Field,  Aurora,  Colorado 
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Table.  3-3  SUMMARY  OF  INORGANIC  AMO  ORGANIC  COMPOUNDS  DETECTED  IN  BACKGROUND  SOIL 
SAMPLES,  COLORADO  AIR  NATIONAL  GUARD,  BUCKLEY  FIELD,  AURORA,  COLORADO 
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TABLE  3-4.  COMPARISONS  OF  BACKGROUND  SOIL  SAMPLE  RESULTS  WITH 
PUBLISHED  BACKGROUND  LEVELS  OF  SELECTED  TRACE  METALS 

IN  SOIL  (PPM) 


Analyte  BGW-2  (8-10) 

BGW-2 

(19-21) 

Mean 

Std  Dev 

Upper, 
95%  Cl 

Background^ 

Range 

As 

2 

3. 

,5 

2.75 

1.06 

7.5 

1-40 

Be 

0.71 

0. 

.83 

0.77 

0.085 

1.1 

0.1-40 

Cd 

nd 

nd 

2.5^ 

2.5® 

14 

0.01-7.0 

Cr 

12 

11 

11.5 

0.71 

15 

5.0-3000 

Cu 

20 

31 

25.5 

7.8 

60 

2.0-100 

Pb 

9.3 

9. 

,4 

9.35 

0.071 

10 

2.0-200 

Hg 

0.052 

0. 

017 

0.0345 

0.025 

0.15 

0.01-0.08 

Ni 

9.7 

8. 

1 

8.9 

1.13 

14 

5.0-1000 

Se 

0.7 

nd 

0.7^ 

0.7® 

3.8 

0.1-2 

Ag 

Sb 

nd 

nd 

nd 

nd 

4.5^ 

1.0^ 

4.5® 

1.0® 

25 

5.5 

0.1-5 

0.6-10 

T1 

nd 

nd 

1.1® 

1.1® 

6 

ng 

Zn 

59 

87 

73 

19.8 

160 

10-300 

Si 

detection  limit 

^based  upon  a  single  sided  student's  t  at  the  95%  level  with  degree  of  freedom 
and  N  -  2.  The  95%  Cl  has  been  added  to  the  mean  or  the  detection  limit  to 
yield  the  upper  95%  confidence  interval. 

^from  Dragun  (1988) 

nd  •=  not  detected,  ng  not  given 
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Table.  3-5  SUMMARY  OF  INORGANIC  AHO  ORGANIC  COMPOUNDS  DETECTED  IN  BACKGROUND  GROUNDWATER 
SAMPLES,  COLORADO  AIR  NATIONAL  GUARD,  BUCKLEY  FIELD,  AURORA,  COLORADO 
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location  because  it  is  a  common  laboratory  solvent  (as  discussed  in  Appendbc  H).  No  semivolatile 
organic  compounds  and  no  chlorinated  pesticides  or  herbicides  were  detected  in  the  groundwater. 

Selenium  and  zinc  were  the  only  priority  pollutant  metals  detected  in  the  groundwater.  Zinc  was 
detected  at  22  mg/1,  which  is  two  orders  of  magnitude  (100  times)  below  the  maximum  contamm^t 
levels  (MCLs)  estabUshed  in  the  Safe  Drinking  Water  Act.  Selenium  was  detected  at  13  mg/1,  which 
is  above  the  MCL,  indicating  that  selenium  may  naturally  occur  at  higher  concentrations  in  this  ^ea. 
In  addition,  MCLs  are  determined  for  dissolved  constituents,  and  the  groundwater  sample  contained 
suspended  solids  which  may  have  contributed  to  higher  selenium  concentrations. 

Major  cations  (calcium,  magnesium,  potassium,  and  sodium)  and  anions  (chloride,  fluoride, 
phosphorous,  nitrate,  and  sulfate)  were  detected  in  the  groundwater  at  concentrations  within  ranges 
expected  for  alluvial  aquifers  in  this  area  (Hillier  et  al.  1983).  All  detected  concentra-  tions  of  these 
parameters  were  also  below  recommended  State  of  Colorado  standards  for  public-water  supplies 
(Colorado  Department  of  Health  1971)  except  for  sulfate.  Sulfate  concentrations  above  standards 
have  been  detected  in  other  alluvial  wells  near  the  Base,  indicating  that  the  sulfate  may  occur  naturally 
at  higher  concentrations.  However,  the  standards  were  established  for  dissolved  constituents,  and 
suspended  solids  in  the  groundwater  samples  may  have  contributed  to  higher  sulfate  concentrations. 
Hardness  of  the  water  was  calculated  at  n  500  mg  equivalent  CaC03/l  using  the  Method  3 14A 
(Standard  Methods  for  the  Examination  of  Water  and  Wastewater  1985),  and  it  is  within  expected 
ranges  (Hillier  et  al.  1983).  In  addition,  asbestos  was  sampled  for  in  the  background  monitoring  well 
(BGW-2)  during  the  RI  Part  2.  Asbestos  was  not  detected  in  this  groundwater  sample. 

3.2.3  Background  Groundwater  Contaminant  Concentration  Comparisons  to  ARARs 

In  order  to  examine  the  magnitude  of  these  background  levels  of  contamination,  a  summary  table 
(Table  3-6)  has  been  prepared  showing  mean  and  maximum  levels  of  inorganic  toxicants  in 
background  groundwater.  Since  no  detectable  quantities  of  organic  substances  were  detected,  there 
are  no  ARAR  tables  for  that  type  of  contaminant.  For  comparison,  the  applicable  or  relevant  and 
appropriate  requirements  (ARARs;  i.e.,  federal  and  state  water-quality  criteria  and  standards)  are 
included.  As  specified  in  the  Superfund  Amendments  and  Reauthorization  Act  of  1986  (SARA), 
on-site  remedial  actions  are  requir^  to  attain  ARARs  unless  such  requirements  are  formally  waived. 
A  detailed  explanation  of  ARARs  and  how  they  are  to  be  used  can  be  found  in  Appendix  B. 

Referring  to  Table  3-6,  it  is  observed  that  reported  levels  of  nitrate,  sulfate,  and  zinc  are  significantly 
below  all  ARARs.  Selenium  is  slightly  higher  than  the  MCL  and  the  Colorado  Drinking  Water 
Standard.  As  discussed  in  Section  3.3.2,  selenium  occurs  naturally  at  levels  above  the  MCL  in  the 
Buckley  ANGB  area.  There  are  no  known  ARARs  or  TBC  guidelines  for  calcium,  chloride, 
magnesium,  phosphorous,  potassium,  and  sodium.  Since  all  detected  quantities  of  organic  and 
inorganic  compounds  are  below  ARAR  levels  or  TBC  guidelines  or  there  is  a  reasonable  explanation 
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TABLE  3-6.  ARARs  FOR  INORGANIC  CHEMICALS  FOR  BACKGROUND  GROUNDWATER  AT  THE  BUCKLEY  ANGB 
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Since  one  sample  was  taken  from  only  one  well  the  mean  and  the  maximum  were  assumed  to  be  the  reported  values  from  that  well. 


(not  related  to  hazardous  material  disposal  or  handling  practices)  for  the  occurrence  of  elevated 
levels,  a  risk  characterization  was  not  conducted  for  the  groundwater  consumption  pathway. 
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4.0  SITE  1  -  FORMER  BASE  LANDFILL  AND  FORMER  OIL  PIT 


This  section  provides  information  specifically  pertaining  to  Site  1.  This 

activities,  rem^ial  investigation  (RI)  objectives  and  activities  performed,  the  results  and  sigmficance 
of  RI  findings,  risk  assessment  results,  and  conclusions  and  recommendations.  Backjound 
information  of  past  activities  is  provided  in  Sections  4.1  and  4.2.  A  conylete  description  of 
and  results  of  IRP  Phase  II,  Stage  1,  Part  1  activities  are  presented  in  Installation  Restwation 
Program,  Phase  B-  Confirmation/Quantification  Stage  1,  Buckley  Air  National  Guard  Base  (Dames 

&  Moore  1986). 


4. 1  SITE  DESCRIPTION  AND  PREVIOUS  WORK 

The  purpose  of  the  Installation  Restoration  Program  (IRP)  Phase  I  (preliminary  assessment)  was  to 
identify  the  type  and  location  of  past  waste  disposal  practices  at  Buckley  ^GB  and  to  assess 
potential  for  contaminant  presence  and  migration.  This  phase  consisted  primarily  of  interviews  an 
record  review. 

The  Former  Base  Landfill  received  Buckley  municipal  refuse  from  1942  to  1982  and  refuse  fi’om 
Lowry  AFB  during  the  early  1960s.  Trench-and-fill  methods  were  used.  Between  1947  and  1959 
(during  Navy  occupation),  and  perhaps  later,  the  landfill  was  burned  periodically,  probably  using 
waste  oil  and  other  flammafcles  to  aid  combustion.  Materials  disposed  of  in  the  Former  Base  Landfill 
included  building  materials,  paint  cans,  solvent  containers,  pesticide  containers,  municipal  refuse,  fuel 
tank  sludges,  and  construction  rubble. 

The  Former  Oil  Pit  was  taken  out  of  service  and  backfilled  with  gravel  in  1987.  The  pit  reportedly 
measured  about  10  ft  by  10  ft  and  was  15  ft  deep,  enclosed  at  the  sides  and  bottom  by 
continuously-poured  concrete.  Contents  of  the  Former  Oil  Pit  were  burned  occasionally  during  the 
1950s.  Specific  information  about  other  materials  that  may  have  been  placed  in  the  pit  is  unavailable; 
however,  disposal  of  solvents  may  have  occurred.  The  depth  to  groundwater  at  this  location  has  been 
estimated  as  less  than  20  ft  below  land  surface. 

IRP  Phase  n,  Stage  1,  Part  1,  Confirmation/Quantification  (Site  Inspection) 

Field  investigations  were  conducted  at  Site  1.  Activities  included  drilling,  sampling,  and  logging  of 
four  monitoring  wells.  Water  levels  were  measured  for  each  new  well,  and  chemical  analyses  of  soil 
and  water  samples  were  performed. 

Chemical  analyses  (see  Table  4-1)  indicated  that  soils  contain  up  to  4100  mg/kg  of  total  organic 
carbon  (TOC),  indicating  possible  contamination.  Cadmium  was  detected  in  groundwater  at 
concentrations  up  to  twice  the  primary  drinking  water  standards  (up  to  0.02  mg/1).  TOC  (6  to  39 
mg/1)  and  total  organic  halogens  (TOX;  ~65  pg/1)  were  detected  in  wells  hydraulically  upgradient  and 
downgradient  of  the  landfill.  Phenolics  were  detected  up  to  30  pg/1  in  Well  MW-3  (near  the  Former 
OU  Pit). 
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TABLE  4-1.  ANALYTICAL  RESULTS  FOR  SITE  1  -  FORMER  BASE  LANDFILL  AND  FORMER  OIL  PIT 
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Source:  Dames  &  Moore,  1986  and  1987.  **Instal lat ion  Restoration  Program,  Phase  11  -  Confirmation/Quantification,  Stage 


The  Site  Inspection  did  not  adequately  determined  background  contaminant  concentrations,  the 
©rtent  of  site  contamination,  nor  the  precise  limits  of  the  landfill  boundary.  At  the  time  of  planning 
the  RI  reported  on  herein,  information  identified  to  complete  data  gaps  included  soil  lithology,  spatial 
continuity  of  soil  types,  confirmation  of  surface  water  contammation,  and  hydrogeologic  properties 
including  local  groundwater  gradients. 

Recommendations  for  further  investigation  included: 

•  Resample  for  cadmium  presence  and  distribution 

•  Perform  a  geophysical  electromagnetic  conductivity  survey 

•  Install  four  new  wells  at  Site  1 . 

4.2  REMEDIAL  INVESTIGATION  ACTIVITIES 

Remedial  investigation  activities  were  based  upon  findings  of  the  Preliminary  Assessment  (Phase  I 
Records  Search)  and  two  earlier  investigations  (Phase  II  Stage  1,  parts  1  and 
2-Confirmation/Quantification).  Objectives  of  the  RI  were  to: 

•  Determine  if  contamination  of  the  various  environmental  media  at  Site  1  is  present 

•  Identify  the  source(s)  and  nature  of  any  contamination  present 

•  Determine  the  extent,  magnitude,  and  movement  of  any  contamination  present 

•  Assess  the  risk  any  present  contamination  may  pose  to  public  health,  thereby 
determining  the  need  for  remedial  actions. 

RI  Part  1  activities  performed  at  Site  1  -  Former  Base  Landfill  and  Oil  Pit,  included: 

•  An  electromagnetic  (EM)  geological  survey 

•  Drilling,  soil  sampling,  and  abandonment  of  two  soil  borings 

•  Sediment  sampling  (2  locations) 

•  Drill,  soil  sample  and  install  four  new  monitoring  wells 

•  Sample  groundwater  at  the  four  new  wells  (MW-5,  MW-6,  MW-7,  and  MW-8)  and 
two  previously  installed  wells  (MW-1  and  MW-4) 

•  Aquifer  testing  using  the  four  new  wells. 
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Locations  of  field  activities  for  the  RI  Part  1  at  Site  1  is  shown  in  Figure  4-1.  A  listing  of  sampling 
parameters  is  presented  in  Table  4-2a. 

RI  Part  2  activities  performed  at  Site  1  included: 

•  Drill,  soil  sample  and  install  five  new  monitoring  wells 

•  Sample  groundwater  at  the  five  new  wells  and  six  previously  installed  wells. 

Locations  of  the  new  monitoring  wells  (LFW-13,  14,  15,  16,  and  17)  for  Site  1  are  also  shown  in 
Figure  4-1 .  A  listing  of  sampling  parameters  for  the  RI  Part  2  is  presented  in  Table  4-2b. 

4.3  SITE  HYDROGEOLOGY 

The  deposits  penetrated  during  drilling  at  this  site  ranged  widely,  from  unconsolidated  fine  to 
coarse-grained  sand  to  claystone  and  shale  (Figures  4-2, 4-3  and  4-4).  An  approximate  5-fl  thick  silt 
bed,  probably  loess,  was  present  at  the  surface  throughout  the  site.  Underlying  this,  coarser-grained 
sediments  appeared  in  the  upper  20  to  25  ft  in  borings  confined  primarily  to  the  Tollgate  Creek  bed, 
indicating  that  these  are  alluvial  deposits.  Beneath  the  alluvial  deposits  in  the  stream  bed  and  forming 
the  flanks  of  the  valley  are  principally  claystone  and  shale  of  the  Denver  Formation,  which  existed  to 
depths  beyond  the  depth  of  drilling  at  the  site. 

Static  water  levels  at  the  site  range  fi'om  1 1 .6  to  32.7  ft  BLS  (1/20/89)  and  from  10.6  to  40.6  ft  BLS 
(8/16/91)  and  are  shallower  with  proximity  to  the  creek  bed.  The  potentiometric  surface  maps 
(Figures  4-5  and  4-6)  show  that  this  surface  generally  mimics  surface  topography,  and  groundwater 
flow  is  directed  fi'om  the  valley  flanks  inward  and  downstream  the  creek  bed.  These 
groundwater-flow  patterns  indicate  that  wells  LFW-5,  6,  and  7  and  MW-1  and  2  are  upgradient  of 
the  landfill;  LFW-13,  14,  15,  16  and  17  are  downgradient  of  the  landfill;  MW-3  and  4  are 
downgradient  of  the  former  tar  pit;  and  LFW-8  is  downgradient  of  the  entire  site.  The  hydraulic 
gradient  at  the  site  varies  with  topography  ranging  jfrom  approximately  0.055  to  0.0088. 

Slug  testing  conducted  during  the  RI  Part  1  yielded  values  of  hydraulic  conductivity  ranging  fi'om  1 . 1 
X  10^  ft/min  to  2. 1  x  10'^  ft/min.  The  tests  indicate  the  aquifer  in  the  vicinity  well  LFW-6  is  locally 
confined.  This  is  further  evidenced  by  examination  of  the  LFW-6  which  indicates  the  well  is  screened 
in  clay  bounded  sand  bed  and  the  water  level  is  well  above  levels  of  saturation  seen  during  well 
drilling.  Logs  and  slug  testing  indicate  that  the  aquifer  in  the  vicinity  of  LFW-6  is  confined. 

4.4  RESULTS  AND  SIGNIFICANCE  OF  FINDINGS 
4.4. 1  Surface  EM  Conductivity  Survey  Results 

A  surface  electromagnetic  conductivity  survey  was  conducted  during  the  RI  Part  1  at  Site  1  to 
determine  the  extent  of  buried  landfill  material,  and  the  possible  location  of  any  buried  metal  objects 
(e.g.,  55-gal  drums).  Two  secondary  magnetic  field  components  were  measured  and  evaluated  during 
the  survey  at  the  Base.  The  quadrature-phase  component  was  used  to  detect  changes  in  apparent 
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Geotechnical  analyses  included  test  for  Atterberg  limits,  grain-size  analysis,  and  vertical  permeabilities. 
Monitoring  wells  installed  during  a  previous  study. 
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uard,  Buckley  Field,  Aurora,  Colorado. 


TOLLGATE  CREEK 
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Buckley  Field,  Aurora,  Colorado. 
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FIGURE  4-4  Generalized  Geologic  Profile  C-C  Showing  Vertical  Distribution  of  On-Site  Screening  Results  In  Subsurface  Soil  at 
Sitel,  Former  Base  Landfill,  Colorado  Air  National  Guard,  Buckley  Field,  Aurora.  Colorado. 
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Figure  4- 5  Potentiometric  Surface  Map  of  Site-1,  Former  Base  Landfiii,  January  19,1989,  Colorado 
Air  National  Guard,  Buckley  Field,  Aurora,  Colorado 


4-12 


Buckley  Field.  Aurora  Colorado 


conductivity,  and  the  in-phase  component  was  used  to  detect  buried  metal  objects.  Figure  4-1  shows 
the  EM  survey  grid  orientation  at  Site  1.  As  seen  on  the  figure,  the  transect  lines  are  oriented 
southwest  to  northeast,  with  distance  along  transect  line  varying  from  -100  to  1100  ft,  and  the 
distance  between  transect  lines  varies  from  50  to  100  ft  over  the  4200  ft  total  length. 

Utilities  can  be  detected  during  an  EM  survey  and  must  be  accounted  for  during  interpretation.  Two 
utilities  exist  at  Site  1,  the  Former  Base  Landfill:  a  water  mainline  buried  on  the  east  side  of  South 
Vail  Drive  and  a  buried  electric  line  which  carries  power  to  the  Boresight  Radio  Tower.  The  electric 
line  parallels  the  Base  boundary  fence  on  the  west  side  of  the  site.  Both  utilities  were  considered 
during  interpretation. 

Lateral  variations  in  soil  apparent  conductivity  were  checked  by  rotating  the  instrument  90°  around 
a  measurement  point.  These  measurements  were  done  at  several  random  points  within  the  site 
boundaries  and  showed  the  soil  apparent  conductivity  to  be  laterally  homogeneous. 

Some  areas  did  not  indicate  true  apparent  conductivities  as  evident  by  negative  quantities.  Negative 
quantities  are  typically  caused  by  edge  effects.  Edge  effects  can  occur  when  a  vertical  contact  exists 
between  a  good  and  a  poor  conductor  (such  as  a  buried  metal  object  or  a  moist  clay  layer  and  dry 
soils),  and  readings  vary  quickly  with  position.  Also,  edge  effects  can  occur  when  the  dimensions  of 
a  good  conductor  are  close  to  the  intercoil  spacing  of  the  instrument  (McNeill  1984). 

Contour  plots  and  profiles  of  the  apparent  conductivity  data  and  the  in-phase  data  are  included  in 
.^pendix  E.  The  contour  plots  have  been  filtered  during  gridding  of  the  data  and  smoothed  during 
plotting  so  that  large  site-wide  anomalous  trends  could  be  observed  and  interpreted.  The  transect 
profile  data  which  are  not  filtered  or  smoothed  show  more  detailed  variations  along  each  transect. 
Analysis  of  both  presentations  is  necessary  for  landfill  boundary  interpretation.  Further  details  of 
procedures  employed  during  the  data  acquisition  and  reduction  are  discussed  in  Appendix  A. 

The  apparent  conductivity  data  show  a  high  amount  of  background  variation  while  the  in-phase  data 
are  fiiirly  constant  over  much  of  the  site.  These  data  indicate  the  background  apparent  conductivity 
variations  are  probably  due  to  changes  in  the  subsurface  soil  or  rock  composition,  structure,  or  both. 
Therefore,  a  combination  of  schemes  were  used  to  interpret  anomalous  areas  possibly  caused  by 
landfill  debris.  Areas  where  the  apparent  conductivity  data  exceeded  the  approximate  background 
apparent  conductivity  of  50  milliSiemens/meter  (mS/m),  areas  that  indicated  a  high  amount  of 
variation  (+15  mS/m  or  greater)  within  short  distances  (10-20  feet),  or  areas  that  showed  a  high 
amount  of  variation  continuously  over  several  transects  were  interpreted  as  anomalous.  Finally, 
because  the  in-phase  data  are  not  affected  by  slight  changes  in  ground  conductivity,  regions  vrith 
in-phase  data  variation  of  5  parts  per  thousand  (ppt)  were  interpreted  as  possible  landfill  areas. 


Examination  of  the  entire  data  base  indicates  that  a  general  trend  exists  over  the  site:  apparent 
conductivity  increases  to  the  south  near  Tollgate  Creek  by  approximately  10  to  15  mS/m.  This 
increase  is  most  likely  due  to  an  increased  amount  of  groundwater  in  the  instrument  zone  of 
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penetration  along  ToUgate  Creek.  However,  the  creek  edges  are  also  reinforced  with  riprap  in  some 
areas,  which  also  may  cause  higher  apparent  conductivity. 

The  apparent  conductivity  contour  maps  show  two  anomalous  regions  at  Site  1  (Figure  4-7).  One 
region  is  in  the  northeast  portion  of  the  site  (between  transects  0100  and  0900).  Transect  profiles 
0000  through  0900  show  anomalous  data  that  vary  slightly  in  location  depending  on  the  transect,  but 
in  general  are  located  between  500  to  1 100  ft  along  each  transect.  Both  the  conductivity  and  in-phase 
data  are  anomalous,  possibly  indicating  the  presence  of  landfill  debris  and  buried  metal  objects. 
Visible  debris  (e.g.,  glass,  metal  objects,  and  concrete  blocks)  was  observed  on  the  surface  in  this 
area,  suggesting  that  the  area  was  used  for  landfill  activities. 

The  second  anomalous  region  is  in  the  southwest  portion  of  the  site  (between  transects  2100  to 
4100).  The  apparent  conductivity  contour  plot  shows  a  great  deal  of  variation  in  anomaly  location 
and  strength,  especially  to  the  west  of  South  Vail  Drive.  The  in-phase  contour  plot  shows  one 
anomalous  area  present  between  transect  2300  and  2800,  which  corresponds  with  an  apparent 
conductivity  increase  in  the  same  location,  indicating  that  a  large  metal  object  or  objects  may  be 
buried  in  this  location.  Transect  profiles  2200  to  4100  show  anomalous  conductivity  and  in-phase 
data  across  the  site.  The  locations  of  anomalous  data  vary  slightly  between  each  transect;  however, 
the  anomalies  extend  continuously  over  several  transects.  East  of  South  Vail  Drive  (transect  profiles 
2200  to  2800)  the  conductivity  and  in-phase  data  are  anomalous  fi'om  -50  to  500  ft  along  each 
profile.  West  of  South  Vail  Drive  (transect  profiles  2900  to  4200)  the  conductivity  and  in-phase  data 
are  anomalous  over  much  of  the  gridded  site.  Data  from  the  west  of  South  Vail  Drive  also  show  two 
anomalies  to  the  south  of  ToUgate  Creek  which  are  caused  by  a  drainage  line  and  an  electric  line,  not 
buried  landfiU  debris.  Several  areas  within  this  region  are  only  slightly  anomalous,  while  other  areas 
have  strong  anomalies.  These  variations  indicate  that  landfill  debris  may  be  spread  sporadicaUy  over 
this  part  of  the  site,  causing  the  complex  patterns  of  apparent  conductivity.  Debris  is  also  found 
sporadically  over  the  surface  in  the  second  region  which  further  indicates  that  landfill  material  has 
been  spread  around  the  site. 

Another  region  at  Site  1  exhibited  some  anomalous  characteristics,  which  may  not  be  caused  by 
buried  landfiU  debris.  Transect  profiles  1300  to  2100  show  short,  abrupt  apparent  conductivity 
changes,  but  the  variations  are  not  laterally  continuous  between  transects.  The  in-phase  data  show 
little  variation  along  these  transect  profiles,  indicating  that  no  buried  metal  objects  exist  in  this  area, 
and  that  the  apparent  conductivity  variations  may  be  caused  by  something  other  than  buried  landfill 
debris.  The  area  traversed  by  these  transects  is  covered  with  surface  dirt  piles  which  may  have 
contributed  to  the  conductivity  variations  because  of  topographic  effects,  or  the  disturbed  soil  in  the 
piles  may  have  caused  anomalously  low  apparent  conductivity  results  due  to  air  pockets  in  the  soils 
or  a  combination  of  the  two. 
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The  contour  and  profile  results  of  conductivity  and  in-phase  data  suggest  two  anomalous  regions 
possibly  caused  by  landfill  debris,  at  the  Former  Base  Landfill  Area.  Figure  4-7  shows  the  location 
of  these  two  suspected  areas.  The  two  regions,  one  to  the  east  of  South  Vail  Drive,  and  one  near  the 
northeast  comer  of  the  site,  show  strong  indications  of  buried  metal  objects,  possibly  metal  dmms. 
Other  anomalous  regions  were  sporadically  located  throughout  the  area  indicating  that  landfill 
operations  possibly  spread  or  dumped  debris  over  many  parts  of  the  site. 

4.4.2  Soil  Boring  Soil  Sample  Results 

Soil  fi'om  two  borings  (LFB-9  and  LFB-10)  was  sampled  during  the  RI  Part  1  at  Site  1  to  determine 
if  soil  contamination  existed,  and  to  assess  possible  migration  of  contaminants  deeper  into  the  alluvial 
aquifer  fi-om  the  Former  Oil  Pit.  Soil  samples  were  collected  fi'om  5  and  10ft  below  the  land  surface 
(BLS),  and  were  sent  to  the  SAIC  Environmental  Chemistry  Laboratory  for  analyses  of  parameters 
as  detailed  in  Table  4-2a.  Figure  4-1  shows  the  location  of  the  two  soil  borings. 

The  results  fi'om  the  soil  boring  samples  analyzed  during  the  RI  Part  1  are  summarized  in  Table  4-3. 
Acetone  was  detected  in  several  samples,  but  because  it  was  detected  in  QA/QC  samples  as  well,  it 
is  not  considered  an  environmental  contaminant  at  the  site.  No  other  volatile  or  semivolatile  organic 
compounds  were  detected  in  either  sample  from  LFB-9.  Ethyl  benzene  (2  pg/kg),  styrene  (160 
pg/kg),  and  total  xylenes  (9  pg/kg)  were  detected  in  the  soil  sample  from  5  ft  BLS  in  LFB-10.  Ethyl 
benzene  and  total  xylenes  were  detected  at  concentrations  close  to  detection  limits,  but  st5a'ene  was 
1.5  orders  of  magnitude  above  the  reporting  limit.  Only  styrene  was  detected  in  the  deeper  sample 
from  this  borehole  (10  ft  BLS)  at  6  pg/kg.  These  data  indicate  that  the  volatile  organic  compounds 
detected  in  the  soil  samples  are  probably  not  migrating  deeply  into  the  alluvium  and  entering  the 
groundwater  below  the  Former  Oil  Pit.  No  chlorinated  pesticides  or  herbicides  were  detected  in  the 
soil-boring  soil  samples  with  the  exception  of  the  herbicide  2,4-DB,  which  was  detected  in  the  sample 
from  5  ft  BLS  in  LFB-10  at  140  pg/kg.  This  herbicide  was  not  detected  in  the  corresponding  10-ft 
sample,  confirming  the  finding  that  contaminants  are  not  migrating  deeper  into  the  alluvial  aquifer  at 
these  locations. 

All  detected  levels  of  priority  pollutant  metals  were  either  within  the  95%  Cl  of  the  background  or 
within  the  expected  xmcontaminated  soil  range  with  the  exception  of  mercury,  which  showed 
concentrations  of  0.28  to  0.29  mg/kg  in  three  samples  (LFB-9,  5  ft;  LFB-9, 10ft;  LFB-10,  5  ft).  The 
concentrations  reported  for  mercury  in  these  samples  are  close  to  the  associated  detection  limits  (0.25 
mg/kg),  and  do  not  show  a  consistent  pattern  of  environmental  contamination.  In  addition,  two 
different  laboratories  were  used  for  the  sample  analysis.  The  laboratory  used  for  the  background 
sample  analysis  (i.e.,  results  that  would  have  been  used  to  calculate  the  95%  Cl  for  the  mean 
background)  presented  data  with  reporting  limits/order  of  magnitude  below  the  second  laboratory 
(CENREF).  The  associated  95%  Cl  of  the  mean  background  for  mercury  calculated  from  the  SAIC 
data  cannot  be  compared  with  the  CENREF  results  because  of  the  discrepancy  in  sensitivity.  As  a 
result,  mercury  concentrations  detected  close  (±  5%)  to  the  CENREF  reporting  units  are  not 
considered  environmental  contamination. 


4-16 


4-17 


LEGEND 

ND-  Not  Detected 
NA-  Not  Analyzed 
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TABLE  4-3.  SUMMARY  OF  INORGANIC  AND  ORGANIC  COMPOUNDS  IN  SOIL  SAMPLES  AT  SITE  1  -  FORMER 
BASE  LANDFILL.  COLORADO  AIR  NATIONAL  GUARD.  BUCKLEY  FIELD.  AURORA.  COLORADO 
REMEDIAL  INVESTIGATION:  PART  1  (CONTINUED) 
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LEGEND 

NO-  Mot  Detected 
NA*  Mot  Analyzed 

B*  CofTpound  was  reported  present  in  the  taborotory  Method  blank 


4.4.3  Monitoring  Well  Borehole  Soil  Sample  Results 

Soil  samples  were  collected  and  analyzed  from  four  monitoring  well  boreholes  (LFW-5,  6,  7  and  8) 
during  RI  Part  1  at  Site  1.  The  objective  of  the  soil  sampling  in  monitoring  wells  was  to  provide 
information  about  possible  contamination  existing  in  the  soils  and  any  possible  contammant  migration 
deeper  into  the  alluvial  aquifer  surrounding  the  Former  Base  Landfill.  Figure  4-1  shows  the  locations 
of  these  monitoring  wells. 

Table  4-3  summarizes  the  data  from  monitoring  well  soil  samples  taken  during  the  RI  Part  1  at  Site 
1.  Methylene  chloride  was  detected  in  several  well  borehole  soil  samples;  however,  methylene 
chloride  is  considered  a  laboratory  contaminant  and  not  an  environmental  contaminant  at  this  site  (see 
Section  2.2.1).  Acetone  was  detected  in  one  well  borehole  soil  sample  (LFW-5)  at  5  ft  BLS. 
Because  acetone  was  detected  in  field  QA/QC  samples  as  well,  it  is  not  considered  an  environmental 
contaminant  at  this  site.  Ethyl  benzene,  toluene,  and  total  xylenes  (3,  1,  and  18  fig/kg,  respectively) 
were  detected  in  LFW-5  from  15  ft  BLS  at  concentrations  slightly  above  reporting  limits.  No  other 
volatile  or  semivolatile  organic  compounds  and  no  chlorinated  pesticides  or  herbicides  were  detected 
in  any  other  well  borehole  soil  samples. 

Mercury  (0.28  mg/kg)  was  detected  in  the  soil  sample  from  LFW-5  (15  ft)  above  95%  Cl  of  the  mean 
of  the  background  samples  and  outside  the  expected  range.  However,  as  discussed  in  Section  4.4.2, 
Hg  is  not  considered  a  environmental  contaminant  in  this  soil  sample.  Selenium  (3.9  mg/kg)  was 
detected  above  the  95%  Cl  of  background,  and  above  the  ejqjected  range  for  soils  in  the  sample  from 
60  to  62  ft  BLS  in  LFW-6.  Because  Se  was  not  detected  at  elevated  concentrations  in  shallower 
soils,  migration  of  Se  from  landfill  areas  is  probably  not  occurring;  selenium  may  naturally  exist  at 
elevated  concentrations  in  these  soils.  No  other  priority  pollutant  metals  were  detected  above  the 
threshold  concentration  in  soil  samples  from  monitoring  well  boreholes  at  Site  1  (RI  Part  1). 

During  the  RI  Part  2  at  Site  1,  soil  samples  were  collected  at  5-ft  intervals  from  the  five  new 
monitoring  well  boreholes  (LFW-13,  14,  15,  16  and  17).  The  objective  of  the  soil  sampling  in  the 
new  monitoring  wells  was  to  determine  the  potential  for  contaminant  migration  in  the  soil  emanating 
from  two  landfill  anomalies  identified  by  the  EM  conductivity  survey  performed  during  the  RI  Part 
1. 

Each  soil  sample  was  screened  on-site  by  ECS  with  a  Shimadzu  8A  GrC  for  toluene,  ethylbenzene, 
xylene,  methylene  chloride,  and  TCE.  None  of  these  compounds  were  detected  in  any  of  the 
monitoring  well  borehole  samples  at  Site  1 .  The  results  for  the  soil  samples  screened  on-site  are 
shown  on  cross-section  C-C  (Figure  4-4).  The  on-site  GC  results  are  also  presented  in  Appendix  G- 
1.  Because  of  the  use  of  on-site  GC  screening  no  monitoring  well  borehole  soil  samples  were  sent 
to  NET  Pacific  for  in-depth  analysis. 

4.4.4  Groundwater  Sample  Results 

During  the  RI  Part  1,  two  wells  installed  during  the  SI  Part  1  and  four  wells  installed  during  the  RI 
Part  1  were  sampled.  The  objective  of  the  groundwater  sampling  was  to  determine  if  the 
groundwater  under  Site  1  has  been  contaminated  from  chemicals  disposed  of  into  the  Former  Base 
Landfill. 
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Table  4-4a  summarizes  the  results  from  groundwater  samples  collected  during  the  RI  Part  1  at  Site 
1 .  Methylene  chloride  was  the  only  volatile  organic  compound  detected  in  groundwater  samples  from 
Site  1.  Methylene  chloride,  however,  is  considered  a  laboratory  contaminant  and  not  an 
environmental  contaminant  as  discussed  in  Appendix  H.  Bis(2-ethylhexyl)phthalate  was  detected  in 
two  field  samples  (MW-1  and  MW-4);  however,  this  compound  was  detected  in  field  QA/QC  samples 
and  is  not  expected  to  be  an  environmental  contaminant  (Appendix  H).  No  other  volatile  or 
semivolatile  organic  compounds  were  detected  in  the  groundwater  samples.  No  chlorinated 
pesticides  or  herbicides  were  detected  at  Site  1. 

During  the  RI  Part  1  no  priority  pollutant  metals  were  detected  above  MCLs  except  for  selenium. 
Se  was  detected  in  four  wells  above  the  MCL:  MW-1  (260  pg/1),  MW-4  (70  pg/1),  LFW-7  (120 
pg/1),  and  LFW-8  (19  pg/1).  As  discussed  in  Section  4.4.3,  Se  is  also  detected  in  other  off-Base 
surficial  aquifer  wells  near  the  Base.  Apparent  elevated  Se  concentrations  may  also  be  an  artifact 
from  suspended  solids  in  the  groundwater  samples.  No  major  cation  or  anion  concentrations  except 
for  sulfate.  Sulfate  was  detected  in  LFW-5  at  718  mg/1  (which  exceeds  State  of  Colorado  drinking 
water  standards),  but  this  concentration  is  within  expected  ranges  (15  to  1900  mg/1)  for  groundwater 
samples  in  this  area  as  discussed  in  Section  3.2.  Nitrate  concentrations  were  above  the  MCL  in 
MW-4,  and  are  possibly  a  result  of  the  sewage  leach  field  near  the  well.  Although  no  State  or  Federal 
drinking  water  standards  exist  for  calcium,  samples  from  monitoring  wells  MW-1  and  LFW-8  had 
hardness  concentrations  1800  and  2200  mg  equivalent  CaC03/l,  respectively,  which  are  considered 
very  hard,  but  Avithin  expected  concentration  ranges  (Hillier  et  al.  1983). 

Specific  conductivity  and  pH  were  measured  for  each  groundwater  sample  during  the  RI  Part  1 .  The 
specific  conductivity  varies  between  1250  and  71 10  pS/cm.  No  trend  was  observed,  and  measured 
specific  conductivity  variations  may  result  from  the  presence  of  dissolved  constituents,  which  are 
derived,  in  part,  from  dissolution  of  suspended  solids  in  the  water  than  by  in-situ  dissolved  chemical 
constituents  in  the  undisturbed  groundwater.  Sample  pH  varied  from  6.93  to  8.27  (neutral  to  slightly 
alkaline).  No  trends  exist  which  suggest  areas  where  acids  or  bases  are  entering  groundwater  at  Site 
1. 

During  the  RI  Part  2  groundwater  samples  were  collected  from  six  existing  wells  (MW-1,  MW-4, 
LFW-5,  LFW-6,  LFW-7,  and  LFW-8)  and  the  five  newly  installed  monitoring  wells  (LFW-13, 14, 
15,  16  and  17)  at  Site  1.  These  additional  wells  were  installed  to  determine  the  potential  for 
contaminant  migration  in  the  groundwater  emanating  from  two  landfill  anomalies  identified  by  the  EM 
conductivity  survey  performed  during  the  RI  Part  1.  Figure  4-1  shows  the  locations  of  aU  the 
groundwater  monitoring  wells  at  Site  1 . 

All  groundwater  samples  collected  at  Site  1,  Former  Base  Landfill,  during  the  RI  Part  2  were 
analyzed  in  the  laboratory  (NET  Pacific)  for  VOCs,  SVOCs,  trace  metals,  herbicides,  and  pesticides. 
Each  groundwater  sample  was  also  analyzed  by  Analytica  Inc.  for  asbestos.  Table  4-4b  summarizes 
the  results  from  the  groundwater  samples  collected  at  Site  1  during  the  RI  Part  2.  VOC  results 
indicate  the  presence  of  1,2-dichloroethene  (17  pg/L)  and  trichloroethene  (11  pg/L)  in  monitoring 
well  LFW-15.  In  addition  1,1-dichloroethene  (1  pg/L),  trichloroethene  (1  pg/L),  benzene  (4  pg/L), 
toluene  (2  pg/L)  and  chlorobenzene  (2  pg/L)  were  all  detected  in  MW-4.  However,  these 
concentrations  are  considered  estimated  values.  The  mass  spectral  data  indicate  the  presence  of 
compounds  that  meets  the  identification  criteria  for  1,1 -DCE,  TCE,  benzene,  toluene  and 
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chlorobenzene-  but,  the  result  is  less  than  the  sample  quantitation  limit  and  greater  than  zero.  No 
other  VOC  compounds  were  detected  in  the  groundwater  samples  collected  at  Site  1. 

SVOC  analyses  results  indicate  the  presence  of  bis(2-ethylhexyl)phthalate  in  wells  LFW-5  and  LFW- 
13  \wth  concentrations  of  17  and  3 1  pg/L,  respectively.  No  other  identifiable  VOC  compounds  were 
detected.  SVOC  TICs  were  found  in  ten  groundwater  samples  submitted  for  analysis  with 
concentrations  ranging  from  4  to  72  pg/L.  Pesticides,  herbicides  and  asbestos  were  not  detected  in 
any  of  the  groundwater  samples  submitted  for  analysis  at  Site  1  during  the  RI  Part  2. 

As  in  the  RI  Part  1,  no  metals  were  detected  above  the  MCL  except  for  selenium.  Estimated  values 
fisr  selenium  ranged  fi’om  3.6  to  246.0  pg/L  in  9  of  the  1 1  monitoring  wells  sampled  at  Site  1  during 
the  RI  Part  2.  As  discussed  earlier  selenium  was  detected  above  the  95%  Cl  of  background  in  soil 
samples  analyzed  from  Site  1  (RI  Part  1).  These  apparently  elevated  concentrations  of  selenium  in 
the  groundwater  at  Site  1  may  be  due  to  suspended  solids  (turbidity)  in  these  groundwater  samples. 
In  addition,  selenium  has  also  been  detected  in  off-Base  surficial  wells  near  the  base. 

Specific  conductivity,  pH  and  temperature  were  measured  for  each  groundwater  sample  from  Site 
1  during  the  RI  Part  2  investigation.  The  specific  conductivity  varied  between  1 500  and  6000  umhos 
and  no  trend  was  observed.  The  specific  conductivity  variations  are  probably  the  result  of  suspended 
solids  present  in  these  samples.  Most  samples  were  cloudy  and  some  were  slightly  turbid  when 
sampled.  Sample  pH  varied  fi'om  6.67  to  7.87  (neutral  to  slightly  alkaline)  while  sample  temperature 
ranged  fi’om  12.7  to  16.8°  C.  The  results  of  these  on-site  analyses  are  consistent  with  those  fi’om  the 
RIPart  1. 

4.4.5  Stream  Sediment  Sample  Results 

Two  stream  sediment  samples  were  collected  during  the  RI  Part  1  from  Site  1  with  the  objective  of 
determining  whether  contamination  could  have  been  caused  by  the  landfill.  US-1 1  was  collected 
upstream  from  the  suspected  landfill  area  to  provide  background  comparison  concentrations. 
LFS-12  was  collected  adjacent  to  suspected  landfill  areas.  Locations  of  the  sampling  stations  are 
shown  in  Figure  4- 1 . 

Table  4-5  summarizes  the  analysis  results  of  stream  sediments.  Acetone  and  bis(2- 
ethylhexyl)phthalate  were  detected  in  LFS-12  and  the  duplicate.  These  chemicals  were  also  detected 
in  field  QA/QC  samples  and  are  not  considered  environmental  contaminants  at  this  site  (see  Appendix 
H).  No  other  volatile  or  semivolatile  organic  compounds,  chlorinated  pesticides,  or  herbicides  were 
detected  in  the  sediment  samples. 

Selenium  (3.9  mg/kg)  was  detected  in  LFS-11  slightly  above  the  95%  Cl  of  the  background  and 
slightly  above  the  expected  range  for  soil  samples.  The  sampling  location  is  upstream  from  suspected 
landfill  areas  which  suggests  that  the  Se  is  not  fi'om  landfill,  but  may  represent  a  natural  occurrence 
of  Se  in  this  area.  Lead  was  detected  in  LFS-12  at  63  mg/kg,  wWch  is  above  the  95%  Cl  of  the 
background  (10  mg/kg),  but  not  above  the  expected  soil  range  of 2-200  mg/kg. 
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LEGEND 

NO’  Not  Detected 
NA’  Not  Analyzed 


4.5  SUMMARY  OF  FINDINGS 


Volatile  organic  compounds  were  detected  in  soils  above  10  ft  BLS  in  one  soil  boring  (LFB-10),  and 
at  15  ft  BLS  from  one  monitoring  well  (LFW-5).  St5n'ene  was  detected  in  LFB-10  at  10  ft  BLS,  but 
at  low  levels.  No  volatile  organic  or  semivolatile  organic  compounds  were  detected  deeper  than  10 
ft  BLS,  suggesting  that  migration  of  these  contaminants  through  the  soil  is  probably  not  occurring 
at  Site  1.  Selenium  was  detected  at  65  ft  BLS  above  the  95%  confidence  level  of  local  background 
soils,  but  shallower  soils  showed  no  detectable  quantities  indicating  that  this  contaminant  is  probably 
a  natural  component  of  the  soil  and  not  from  landfill  operations. 

One  stream  sediment  location  (LFS-12)  sampled  at  Site  1  showed  concentrations  of  lead  above  the 
95%  confidence  interval  of  the  local  soil  background. 

Trichloroethene  was  detected  above  the  maximum  contaminant  level  (MCL)  in  LFW-15  during  the 
RI  Part  2  and  was  confirmed  in  the  duplicate  sample.  Selenium  and  sulfate  were  also  detected  above 
the  MCLs,  but  were  within  ranges  (Hillier  et  al.  1983)  for  the  area  surrounding  the  Base.  Nitrate  was 
detected  at  concentrations  which  exceed  MCLs  in  MW-4.  This  concentration  may  be  due  to  the  close 
proximity  of  a  sewage  leach  field  located  in  the  northwestern  portion  of  the  site.  Elevated 
concentrations  of  major  cations  and  anions  in  the  groundwater  at  Buckley  ANGB  were  observed, 
which  may  be  caused  by  the  presence  of  suspended  solids  in  each  sample. 

4.6  RISK  ASSESSMENT  RESULTS 

4.6. 1  Groundwater  Consumption  Risks 

The  groundwater  consumption  risks  for  Site  1  were  computed  from  data  derived  from  Parts  1  and 
2  of  this  investigation.  In  order  to  determine  the  magnitude  of  inorganic  contamination.  Table  4-6 
was  prepared  showing  mean  and  maximum  levels  of  inorganic  chemicals  in  groundwater  at  this  site. 
For  comparison,  the  applicable  or  relevant  and  appropriate  requirements  (ARARs;  i.e.,  federal  and 
state  water-quality  criteria  and  standards)  are  included.  As  specified  in  the  Superfimd  Amendments 
and  Reauthorization  Act  of  1986  (SARA),  on-site  remedial  actions  are  required  to  attain  ARARs 
unless  such  requirements  are  formally  waived.  Referring  to  Table  4-6,  it  is  observed  that  the  reported 
levels  for  nitrate,  selenium,  and  sulfate  exceed  ARARs.  The  levels  for  copper,  fluoride,  lead,  nitrite, 
and  Tinr,  are  below  ARAR  levels.  There  are  no  ARARs  for  TBC  guidelines  established  for  antimony, 
calcium,  chloride,  magnesium,  phosphorus,  potassium,  and  sodium.  Therefore,  only  the  three 
inorganic  chemicals  exceeding  ARARs  are  included  in  the  risk  characterization  (see  Table  4-7)  along 
with  the  organic  compounds  detected. 
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TABLE  4-6.  ARARs  FOR  INORGANIC  CHEMICALS  FROM  SITE  -  1  GROUNDWATER  AT  THE  BUCKLEY  ANGB 
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Table  4-7  presents  the  results  of  the  Site  1  risk  assessment  for  groundwater  exposure.  The  table 
provides  a  summary  of  mean  levels  of  chemical  compounds  observed  in  groundwater.  Based  on  these 
mean  values,  estimates  of  chronic  dose  are  developed.  The  second  column  presents  the  hazard  index 
for  noncarcinogenic  effects  which  was  calculated  taking  into  account  the  calculated  dose.  The  third 
column  described  the  target  organics  for  potential  noncarcinogenic  effects.  The  fourth  column 
presents  the  measure  of  excess  lifetime  probability  of  cancer.  Risk  estimates  are  provided  separately 
for  ©cposure  to  each  chemical  and  then  for  combined  exposure  across  all  chemicals  for  a  given  site. 

Derivation  of  cancer  risks  are  based  on  estimates  of  the  "reasonable  maximum  exposure"  (as  defined 
in  the  revised  National  Contingency  Plan  53  FR  51394)  to  receptors  at  potential  risk.  These  estimates 
are  measures  of  hypothetical  risk  to  a  maximally  exposed  individual.  At  this  site,  risks  are 
characterized  separately  for  exposure  to  each  environmental  media:  groundwater,  soils,  and 
sediments.  Risk  estimates  are  not  aggregated  for  simultaneous  exposure  across  media. 

The  results  of  the  risk  assessment  must  be  interpreted  in  the  context  of  these  exposure 
assumptions/scenarios.  Much  of  the  uncertainty  in  the  results  may  be  attributed  to  the  assumptions 
established  as  the  basis  of  the  exposure  assessment. 

Elevated  selenium  levels  in  some  of  the  wells  may  be  attributed  to  the  contribution  of  suspended 
solids  and  the  fact  that  elevated  selenium  levels  (see  Section  3.2)  are  common  in  this  area.  The 
hazard  index  for  selenium  at  Site  1  is  3.52E-01.  The  occurrence  of  elevated  nitrate  levels  in  MW-4 
is  probably  due  to  its  location  relative  to  a  septic  tank  leach  field.  The  TBC  guideline  for  sulfate  is 
an  SMCL  that  is  not  enforceable.  No  health  effects  data  are  available  for  nitrate  and  sulfate  on  the 
IRIS  database  or  in  HE  AST  (1991);  therefore,  neither  a  hazard  index  nor  a  cancer  risk  could  be 
computed  for  these  two  inorganic  chemicals. 

Table  4-7  also  lists  the  organic  compounds  that  were  detected  in  groundwater  samples  collected  from 
Site  1  monitoring  wells.  The  highest  concentrations  of  1,2-DCE  and  TCE  were  detected  in  well 
LFW-15.  The  remainder  of  the  volatile  organic  compounds  were  detected  in  MW-3,  all  in  estimated 
concentrations  below  the  reporting  limits. 

As  shown  in  Table  4-7,  none  of  the  hazard  indices  for  any  subject  chemical  exceed  1.0.  In  addition, 
the  hazard  index  for  combined  exposure  across  chemicals  is  also  less  than  one.  No  adverse 
noncarcinogenic  effects  would  therefore  be  anticipated  following  chronic  exposure  to  compounds  in 
groundwater  for  Base  personnel,  or  for  residence  hypothetically  consuming  groundwater  off  site. 

Four  potentially  carcinogenic  chemicals  were  detected  in  the  groundwater  under  evaluation.  The 
initial  total  risk  calculation  is  2.30E-05,  above  the  level  where  remediation  would  be  considered. 
However,  this  value  includes  a  risk  estimate  fi’om  1,1-DCE.  As  explained  in  Table  4-7,  1,1-DCE  was 
estimated  in  one  groundwater  sample  at  1  pg/L,  which  is  below  the  reporting  limit  of  5  pg/L.  Due 
to  the  high  reporting  limit,  even  calculating  the  non-detects  at  one-half  the  reporting  limit  computes 
a  mean  higher  than  the  10'^  cancer  risk  level.  Therefore,  omitting  1,1-DCE  fi'om  the  risk  estimate 
brings  the  excess  lifetime  cancer  risk  combined  exposure  to  6.3E-06.  Based  on  EPA  guidelines  under 
C^CLA/SARA,  and  given  the  very  conservative  exposure  assumptions  used  in  the  assessment,  this 
risk  level  would  be  considered  to  fall  within  the  acceptable  range. 
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Table  4-7.  Risk  Characterization  for  Site  1;  Groundwater  Exposure 


Mean  Levels  in 

Noncarcin. 
Effects:  (b) 

Noncarcinogenic 

Excess  Lifetime 
Individual 
Carcinogenic 

Groundwater  (a) 

Hazard  Index 

Effect  of 

Risk 

COMPOUND 

(ug/L) 

(Dose/RfD) 

Concern 

(Dosexql*) 

INORGANICS 

Nitrate  11.600 

No  Data  Available 

Selenium  65.11 

3.52E-01 

Hair,  Nails 

Sulfate  1,294,000 

No  Data  Available 

ORGANICS 

Benzene  2.58 

bis(2-Ethylhexyl) 

3.80E-06 

phthalate  9.71 

1.30E-02 

Liver 

1.60E-06 

Chlorobenzene  2.47 

1,05E-01 

Liver,  Kidney 

1 ,1  -Dichloroethylene  2.42 

7.00E-03 

Liver 

1.70E-05 

1 ,2-Dichloroethylene  3.31 

4.00E-03 

Serum 

Trichloroethylene  2.89 

Toluene  2.47 

4.00E-04 

Liver,  Kidney 

9.00E-07 

Hazard  Index:  Combined  Exposure 

4.80E-01 

Exposure  without  1 ,1  -DCE  (c) 

4.70E-01 

Excess  Lifetime  Cancer  Risk:  Combined  Exposure 

2.30E-05 

Exposure  without  1,1 -DCE  (c) 

6.30E-06 

a.  Mean  of  26  samples.  Mean  concentrations  were  determined  treating  "not  detected" 
results  as  If  the  chemical  were  present  at  half  the  detection  limit.  Concentrations 
are  from  on-site  monitoring  wells,  rather  than  modeled  projections. 

b.  Dose  calculated  assuming  ingestion  of  groundwater  and  inhalation  of  volatile 
organics  during  showering.  Exposure  assumptions:  ERA  Standard  Default  Factors 
for  groundwater  consumption. 

c.  1.1 -DCE  was  estimated  in  one  groundwater  sample  at  1  ug/L,  which  is  below  the 
reporting  limit  of  5  ug/L  Due  to  the  high  reporting  limit,  even  calculating  the  non- 
detects  at  one-half  the  reporting  limit  computes  a  mean  higher  that  the  10-6  cancer  risk 
level.  Therefore,  the  hazard  index  and  cancer  risk  were  also  computed  without  using  the 
1,1 -DCE  values. 
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4.6.2  Soil  and  Sediment  Exposure  Risks 


Tables  4-8  and  4-9  present  the  results  of  the  risk  assessment  for  Site  1.  The  tables  first  provide  a 
summary  of  mean  levels  of  chemical  contaminants  observed  in  soils  and  sediments  at  the  sites  under 
investigation.  Based  on  these  mean  values,  estimates  of  chronic  dose  are  developed.  The  second 
column  presents  the  hazard  index  for  noncarcinogenic  effects  which  was  calculated  taking  into 
account  the  calculated  dose.  The  third  column  describes  the  target  organics  for  potential 
noncarcinogenic  effects.  The  fourth  column  presents  the  measure  of  excess  lifetime  probability  of 
cancer.  Risk  estimates  are  provided  separately  for  exposure  to  each  chemical  and  then  for  combined 
exposure  across  all  chemicals  for  a  given  site. 

Derivation  of  cancer  risks  are  based  on  estimates  of  the  "reasonable  maximum  exposure"  (as  defined 
in  the  rewsed  National  Contingency  Plan  53  FR  51394)  to  receptors  at  potential  risk.  These  estimates 
are  measures  of  hypothetical  risk  to  a  maximally  exposed  individual.  At  this  site,  risks  are 
characterized  separately  for  exposure  to  each  environmental  media;  soils  and  sediments.  Risk 
estimates  are  not  aggregated  for  simultaneous  exposure  across  soils  and  sediments. 

The  results  of  the  risk  assessment  must  be  interpreted  in  the  context  of  these  exposure 
assumptions/scenarios.  Much  of  the  uncertainty  in  the  results  may  be  attributed  to  the  assumptions 
established  as  the  basis  of  the  exposure  assessment. 

As  shown  in  Tables  4-8  and  4-9,  none  of  the  hazard  indices  for  any  subject  chemical  exceed  1.0.  In 
addition,  the  hazard  indices  for  combined  e?q)0sure  across  chemicals  is  also  less  than  one.  No  adverse 
noncarcinogenic  effects  would  therefore  be  anticipated  following  chronic  exposure  to  compounds  in 
soils  or  sediments  for  Base  personnel,  or  for  children  hjrpothetically  exposed  off-site.  Only  one 
potentially  carcinogenic  chemical  was  detected  in  the  sediments  under  evalua¬ 
tion.  Looking  again  at  the  summary  tables,  it  can  be  seen  that  the  excess  lifetime  risk  of  cancer  does 
not  exceed  4  x  10^  at  this  site.  Bas^  on  EPA  guidelines  under  CERCLA/SARA,  and  given  the  very 
conservative  exposure  assumptions  used  in  the  assessment,  this  risk  level  would  be  considered  to  fall 
within  the  acceptable  range. 

4.7  CONCLUSIONS  AND  RECOMMENDATIONS 

Two  extremely  limited  areas  (less  than  5  ft  in  thickness)  of  low  concentrations  of  soil  contamination 
were  found  at  Site  1  (RI  Part  1).  No  VOC  soil  contamination  was  detected  during  the  SI.  One  area 
was  located  at  the  5-  and  10-ft  depths  of  boring  LFB-10,  vdiich  is  located  adjacent  to  the  tar  pit.  The 
second  location  is  the  15-ft  depth  in  the  monitoring  well  borehole  LFW-5  adjacent  to  Tollgate  Creek. 
The  low  levels  of  contaminants  in  both  areas  consisted  principally  of  hydrocarbons  (benzene,  toluene, 
and  xjdenes)  which  are  related  to  petroleum  (fuel,  tar,  oil)  and  the  herbicide  2,4-DB  in  boring  LFB- 
10.  Elevated  contaminant  levels  were  limited  to  one  or  two  samples  within  each  borehole  and  did 
not  show  any  indication  of  significant  (greater  than  10ft)  vertical  migration.  While  mercury  and 
selenium  were  found  in  severed  of  the  soil  samples  in  borings  adjacent  to  the  tar  pit,  their  presence 
was  apparently  random. 
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TABLE  4-8.  RISK  CHARACTERIZATION  FOR  SITE  1:  EXPOSURE  TO  SEDIMENTS 


COMPOUND 

Mean 

Concentration 
in  Sediment  (a) 
(mg/ kg) 

Noncarcin. 
Effects:  (b) 
Hazard  Index 
(Oose/RfD) 

Noncarcinogenic 
Effect  of 
Concern 

Excess  Lifetime 

Individual 

Carcinogenic 

Risk 

(Dose  X  q1*) 

INORGANICS 

Arsenic 

5.10 

3.21E-02 

Skin,  Lung 

4,02E-06 

Beryllium 

0.75 

9.45E-0<. 

Lung,  Skin,  Heart 

Cadmium 

Chromiun 

10.20 

1.29E-02 

Skin 

Copper 

22.00 

3.75E-03 

GI  Tract,  Blood 

Lead 

48.70 

2.19E-01 

CNS,  Kidney 

Mercury 

0.02 

4.62E-04 

CNS 

Nickel 

11.00 

3.47E-03 

Skin,  Lung 

Phosphorous 

Selenium 

2.20 

4.62E-03 

Liver,  Kidney,  Skin 

Silver 

Thai  1 ium 

Zinc 

63.00 

1.99E-03 

Anemia 

ORGANICS 

Ethylbenzene 

Xylene 

Hazard  Index:  Combined  Exposure  2.79E-01 

Excess  Lifetime  Cancer  Risk:  Combined  Exposure 

4.02E-06 

a.  Mean  of  3  samples.  Mean  values  calculated  treating  "not  detected"  results  as  if  the  chemical 
was  present  at  half  the  detection  limit. 

b.  Dose  calculated  assuntng  ingestion  exposure  to  contaminated  sediments  in  drainage  creek 
effsite.  Exposure  assumptions:  ingestion  of  0.50  grams  soil  per  play  period  each  day,  by 
children  ages  2  to  6  years,  2  days  per  week,  every  week,  9  months  per  year,  for  5  years 
of  a  70  year  lifetime.  Note  data  were  not  obtained  for  off -site  sediment  levels.  It  has 
been  assumed  that  off -site  concentrations  at  the  point  of  exposure  are  the  some  os  the 
observed  levels  in  upstream  sediments  on-site. 
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TABLE  4-9.  RISK  CHARACTERIZATION  FOR  SITE  1;  SOIL  EXPOSURE 


Excess  Lifetime 

Noncarcin.  Individual 

Mean  Levels  in  Effects:  (b)  Noncarcinogenic  Carcinogenic 
Soil  (a)  Hazard  Index  Effect  of  Risk 

COMPOUND  (mg/kg)  (Oose/RfO)  Concern  (Dose  x  q1*) 


INORGANICS 

Arsenic 

Beryl  I ium 

Cadmium 

Chromium 

Cobalt 

Copper 

Lead 

Mercury 

Nickel 

Phosphorous 

Selenium 

Silver 

Thai  I ium 

Zinc 


7.300  Lungs,  Skin 

15.000  1.59E-04  01  Tract,  Blood 


ORGANICS 

Acenanapthalene 
Anthracene 
Ethylbenzene 
F I uorene 
2 -Hexane 

Methylene  Chloride 

2-Methylnaphthalene 

Naphthalene 

Nitrobenzene 

N - N i t  r osod i pheny I ami ne 

Phenathrene 

Styrene 

1.1.2.2- Tetrachlorocthane 
Tet  rach I oroethy I ene 
Toluerie 

1 ,1 ,  l-Trichlorocthane 

1 . 1 .2- Trichloroethane 
Trichloroethylene 
Xylenes 


0.002  7.85E-09  Skin,  Liver,  kidney 


0.042  8.22E-08  Liver,  Blood 


0.006  1.268-09  CNS 


Hazard  Index:  Combined  Exposure  1.59E-04 


Excess  Lifetime  Cancer  Risk:  Combined  Exposure 


a.  Mean  of  4  samples.  Mean  concentrations  were  determined  treating  “not  detected'*  results 
as  if  the  chemical  was  present  at  half  the  detection  limit. 

b.  Dose  calculated  assuming  ingestion  exposure  to  contaminated  surface  soil  on-site. 

Exposure  assurptions:  inadvertent  ingestion  of  0.1  grams  of  soil/day,  by  Base  personnel:  70  kg  adult 
exposed  2  days  per  week,  every  week.  11  months  per  year,  (  1  month  period  of  no  snow  cover), 

20  years  of  a  70  year  lifetime. 
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Further,  the  concentrations  found  were  close  to  background  levels  and  cannot  be  linked  to  any 
disposal  activity  in  the  landfill  vicinity. 

Limited  groundwater  contamination  was  detected  at  Site  1  during  RI  that  was  not  detected  during 
the  SI.  Trichloroethene  exceeding  the  MCL  (5  pg/L)  and  low  levels  of  1-2  Dichloroethene  were 
detected  in  LFW-15.  In  addition,  low  levels  of  bis(2-ethylhexyl)phthalate  were  detected  in  LFW-5 
and  LFW-13.  Several  inorganic  compounds  were  detected  within  these  groundwater  samples,  but 
levels  are  consistent  with  natural  background  levels.  Stream-sediment  samples  collected  at  the  site 
show  no  evidence  of  site-related  sediment  contamination  related  to  site  surface  and  groundwater 
discharges  into  the  stream  bed.  Again,  several  inorganic  compounds  were  found  within  these  samples 
but  are  consistent  with  natural  background  levels. 

Because  of  various  activities  including  the  13  monitoring  wells  located  at  up-,  cross-,  and 
downgradient  groundwater  locations  at  the  site,  the  drilling  of  three  soil  borings,  and  sampling  of  the 
stream  sediments,  the  landfill  has  been  adequately  monitored  to  detect  any  major  contamination 
problem.  Results  have  shown  no  definite  stream  sediment  contamination,  low  levels  of  apparently 
random,  extremely  limited  subsurface  soil  contamination  and  limited  groundwater  contamination  in 
LFW-15.  The  variability  of  the  sediment  analyses  does  not  eliminate  the  possibility  of  minor 
contamination.  If  the  Department  of  Defense  funding  priorities  permit,  the  sediment  will  be  more 
adequately  defined. 

A  baseline  public  health  risk  assessment  indicated  that  there  is  no  significant  carcinogenic  or 
noncarcinogenic  risk  associated  with  the  presence  of  this  limited  soil  and  groundwater  contamination 
at  the  site.  However,  since  trichloroethene  groundwater  contamination  is  present  in  LFW-15  a  long¬ 
term  groundwater  monitoring  plan  is  proposed.  The  long-term  monitoring  plan  would  consist  of 
sampling  LFW-15  and  the  existing  downgradient  monitoring  network  (wells  LFW-5,  LFW-14,  LFW- 
13,  and  LFW-8)  in  order  to  determine  the  potential  for  contaminant  migration. 
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5.0  SITE  2 -FORMER  FIRE  TRAINING  AREA  #1 


This  section  provides  information  specifically  pertaining  to  Site  2.  This  includes  past  investigation 
activities,  remedial  investigation  (RI)  objectives  and  activities  performed,  the  results  and  significance 
of  RI  findings,  risk  assessment  results,  and  conclusions  and  recommendations.  Background 
information  of  past  activities  is  provided  in  Sections  5.1  and  5.2.  A  complete  description  of  activities 
and  results  of  IRP  Phase  H,  Stage  1,  Part  1  are  presented  in  "Installation  Restoration  Program,  Phase 
H-Confirmation/  Quantification  Stage  1,  Buckley  Air  National  Guard  Base"  (Dames  &  Moore  1986). 

5. 1  SITE  DESCRIPTION  AND  PREVIOUS  WORK 

The  purpose  of  the  Installation  Restoration  Program  (IRP)  Phase  I  (preliminary  assessment)  was  to 
identify  the  type  and  location  of  past  waste  disposal  practices  at  Buckley  ANGB  and  to  assess 
potential  fisr  contaminant  presence  and  migration.  This  phase  consisted  primarily  of  interviews  and 
record  review. 

The  precise  location  of  FT  A  No.  1  has  been  uncertain.  Previous  studies  suggested  that  the  site  was 
located  south  and  west  of  the  surface  reservoir  located  in  the  northeast  comer  of  the  base.  Interviews 
with  the  Base  Fire  Chief  during  preparation  of  the  work  plan  for  this  RI  effort  suggest,  however,  that 
the  site  is  located  southeast  of  the  reservoir,  which  is  used  as  water  storage  for  fire  fighting  and  for 
recreational  fishing  (Simons,  Li,  &  Associates,  Inc.  1982;  Butler  1988).  This  second  area  was  the 
focus  of  this  RI  study.  FTA  No.  1  was  unlined  and  undiked  and  used  as  an  AVGAS  burning  site 
during  the  late  1940s  and  early  1950s.  The  frequency  of  training  exercises  at  the  site  is  unknown. 
Residual  flammable  materials  may  be  present  on  the  site.  A  "firing-in"  range  for  alignment  of  aircraft 
guns  once  occupied  the  site;  an  aircraft  engine  test  facility  is  currently  located  there. 

IRP  Phase  n,  Stage  1,  Part  1,  Conflrmation/Quantification  (Site  Inspection) 

Field  investigations  were  conducted  at  Site  2.  Activities  included  drilling,  sampling  and  logging  of 
two  soil  borings.  Chemical  analyses  of  soil  samples  was  performed.  However,  in  light  of  the 
misinformation  on  the  site  location  upon  which  this  study  was  performed,  results  can  be  considered 
indicative  of  background  conditions  at  this  site. 

With  the  possible  exception  of  lead  concentrations,  previous  chemical  analyses  of  soils  from  near  this 
site  (see  Table  5-1)  indicated  that  no  contamination  was  present.  The  analytical  results  for  lead, 
although  indicating  evidence  of  contaminant  levels,  were  inconclusive  due  to  matrix  interferences  in 
the  test  procedure. 

The  Site  Inspection  did  not  investigate  the  correct  location  of  the  site;  therefore,  did  not  determine 
background  contaminant  concentrations,  or  confirm  the  presence  and  extent  of  lead  or  other 
chemicals  at  the  site.  Other  information  identified  for  this  final  RI  to  complete  data  gaps  included 
determining  the  precise  location  of  the  site,  downgradient  contaminant  concentrations,  the  extent 
of  contamination,  and  defining  the  hydrogeologic  properties  of  the  underlying  strata. 
Recommendations  for  further  investigation  included  installing  one  downgradient  well  at  FTA  No.  1 
(Site  2). 
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TABLE  5-1.  ANALYTICAL  RESULTS  FOR  SITE  2— FORMER  FIRE  TRAINING  AREA  NO.  1 


SOIL  SAMPLES 


Parameter 

(Sample  Depth-Feet) 

Method 

Unit 

Detection 

Limit 

B-l 

(0-1.5) 

B-l 

(5-6.5) 

B-2 

(0-15) 

B-2 

(5-6.5) 

Lead 

239.1* 

mg/kg 

10 

34 

34 

44 

31 

Phenolics 

420.2* 

mg/kg 

1 

7 

10 

1 

ND 

Total  Organic  Carbon 

415.1* 

mg/kg 

5 

2200 

1100 

4900 

2600 

Total  Organic  Halocarbons 

9020*’ 

mg/kg 

5 

ND 

ND 

ND 

ND 

Moisture  Content 

160.3* 

Percent 

1 

13 

11 

6 

13 

*  Methods  for  Chemical  Analysis  of  Water  and  Wastes,  EPA-600/4-79-020.  Revised  March  1983. 

^  Test  Methods  for  Evaluating  Solid  Waste,  SW-846, 2nd  cd.,  July  1982,  Modified  for  use  on  0. 1.  Corp.  Model  610  TOX  Analyzer.  ND  -  indicates 
value  less  than  detection  limits.  Source:  Dames  &  Moore,  1986  and  1987.  **Installation  Restoration  Program,  Phase 
U — ConfiimadonA^uantification,  Stage  1.** 
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5.2  REMEDIAL  INVESTIGATION  ACTIVITIES 


Remedial  Investigation  activities  were  based  upon  findings  of  the  Preliminary  Assessment  (Phase  I 
Records  Search)  and  two  site  inspections  (Phase  II  Stage  1,  Parts  1  and 
2-Confirmation/Quantification).  Objectives  of  the  RI  were  to: 

•  Determine  if  contamination  of  the  various  environmental  media  at  Site  1  is  present 

•  Identify  the  source(s)  and  nature  of  contamination  present 

•  Determine  the  extent,  magnitude,  and  movement  of  any  contamination  present 

•  Assess  the  risk  any  present  contamination  may  pose  to  public  health,  thereby 
determining  the  need  for  remedial  actions. 

RI  Part  1  activities  performed  at  Site  2-Former  Fire  Training  Area  No.  1,  included: 

•  Conducting  a  soil-gas  survey 

•  Drill,  soil  sample,  and  install  one  monitoring  well 

•  Sample  groundwater  at  the  one  well 

•  Aquifer  test  the  one  well. 

Locations  of  field  activity  for  Site  2  are  shown  in  Figure  5-1.  A  listing  of  sampling  parameters  is 
presented  in  Table  5-2.  No  additional  field  work  was  performed  during  the  RI  Part  2  at  Site  2. 

5.3  SITE  HYDROGEOLOGY 

Only  one  groundwater  monitoring  well  (FlW-3)  was  installed  at  this  site.  A  surficial  2-ft  layer  of  silt 
is  probably  of  eolian  origin.  The  lithology  below  this  layer  consisted  of  silty  clay  to  coarse  gravelly 
sand,  probably  alluvial  deposits.  Clay  layers  in  the  portion  of  this  sand  deposit  probably  belong  to 
the  Denver  Formation. 

The  static  water  level  within  this  well  was  9.1ft  BLS,  the  shallowest  on  the  Base.  A  potentiometric 
surface  map  cannot  be  drawn  on  the  basis  of  one  well.  However,  based  upon  the  5529  ft  MSL  level 
of  the  nearby  reservoir  and  basewide  trends,  the  probable  groundwater  flow  direction  is  toward  the 
reservoir  with  a  gradient  which  approximates  topography.  Therefore,  well  FlW-3  is  downgradient 
of  the  location  of  the  former  bum  pit  thought  to  be  underneath  the  present  Power  Check  Pad.  The 
fact  that  this  water  table  may  be  perched  is  a  strong  possibility  based  upon  the 
shallower-than-expected  water  table  and  the  presence  of  a  basal  clay  layer  underneath  the 
coarse-grained,  shallow,  water  bearing  strata. 
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Slug  testing  yielded  a  value  of  hydraulic  conductivity  of  2.0  x  10'^  ft/min.  The  test  also  supported 
logs  in  determining  that  the  aquifer  in  this  area  is  unconfined. 

5.4  RESULTS  AND  SIGNIFICANCE  OF  FINDINGS 

5.4.1  Soil-Gas  Survey  Results 

Seven  samples  were  collected  and  analyzed  during  the  RI  Part  1  at  Site  2,  Fire  Training  Area  1 . 
Samples  were  analyzed  for  volatile  halocarbons  and  total  hydrocarbons  (inclusive  of  C‘  to  C‘®  aliphatic 
and  aromatic  hydrocarbons).  The  location  of  soil-gas  sampling  points  is  shown  in  Figure  5-1.  The 
samples  were  collected  on  a  grid  surrounding  the  Power  Check  Pad,  which  is  the  suspected  location 
of  Fire  Training  Area  1.  The  samples  were  collected  fi-om  approximately  6  ft  BLS.  Details  of  the 
soil-gas  procedures  are  discussed  in  Section  2.2.1,  and  the  raw  soil-gas  data  are  included  in  Appendix 
F. 

Halocarbon  analysis  showed  only  two  sampling  locations  with  concentrations  of  1 , 1 , 1  TC  A  and  PCE 
(0.01  and  0.02  pg/1,  respectively)  one  to  two  orders  of  magnitude  above  ambient  air  background 
levels.  However,  while  these  concentrations  are  higher  than  ambient  background,  they  are  extremely 
low  relative  to  expected  levels  if  subsur&ce  contamination  were  present,  and  they  do  not  definitively 
support  the  presence  of  contaminants  in  the  subsurface.  No  total  hydrocarbons  were  found  above 
sample  detection  limits  in  the  ambient  air  or  in  the  subsurface.  No  trends  were  observed  with  either 
TCA  or  PCE;  therefore,  no  source  area  or  contaminant  plume  was  detected. 

5.4.2  Monitoring  Well  Borehole  Soil  Sample  Results 

During  the  RI  Part  1,  four  soil  samples  were  collected  fi'om  monitoring  well  FlW-3  for  analysis.  The 
objective  of  soil  sampling  was  to  determine  if  any  contamination  exists  in  the  soil  and  to  assess 
possible  contaminant  migration  deeper  into  the  alluvial  and  Denver  Aquifers.  Figure  5-1  shows  the 
location  of  the  monitoring  well  at  Site  2. 

Table  5-3  summarizes  the  soil  sample  data  from  FlW-3.  The  only  volatile  organic  compound 
detected  was  methylene  chloride.  However,  methylene  chloride  is  a  laboratory  contaminant 
(.^pendbc  H)  and  is  not  considered  to  be  indicative  of  environmental  contamination  at  this  site.  No 
semivolatile  organic  compounds  were  detected.  Lead  was  detected  above  the  95%  Cl  of  the 
background,  but  in  concentrations  (3.3  to  15  mg/kg)  within  expected  background  concentration  range 
(Table  3-4). 

5.4.3  Groundwater  Sample  Results 

Table  5-4  summarizes  the  RI  Part  1  groundwater  sample  results  from  FlW-3.  No  volatile  or 
semivolatile  organic  compounds  were  detected.  No  lead  was  detected.  Calcium,  magnesium, 
potassium,  sodium  (major  cations),  and  chloride,  fluoride,  nitrate,  nitrite,  phosphorous,  and  sulfate 
(major  anions)  were  all  detected  within  concentration  ranges  typical  of  Denver  Aquifer  near  the  Base 
(Hillier  et  al.  1983).  Water  hardness  was  900  mg  equivalent  CaC03A,  which  is  within  expected 
ranges  (Hillier  et  al.  1983).  Fluoride  (2.69  mg/1),  nitrate  (10.1/9.22  mg/1),  and  sulfate  (1050  mg/1) 
were  all  detected  at  higher  concentrations  than  water-quality  criteria  established  by  the  State  of 
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Table.  5-3  SUMMARY  OF  INORGANIC  AND  ORGANIC  COMPOUNDS  DETECTED  IN  SOIL  SAMPLES  AT  SITE  2-  FORMER 
FIRE  TRAINING  AREA  NO  1,  COLORADO  AIR  NATIONAL  GUARD,  BUCKLEY  FIELD,  AURORA,  COLORADO 
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Table.  5-4  SUMMARY  OF  INORGANIC  AND  ORGANIC  COMPOUNDS  DETECTED  IN  GROUNDWATER  SAMPLES  AT  SITE  2-  FORMER 
FIRE  TRAINING  AREA  NO  1.  COLORADO  AIR  NATIONAL  GUARD,  BUCKLEY  FIELD,  AURORA,  COLORADO 
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LEGEND 

NO'  Not  Detected 


Colorado  (Colorado  Department  of  Health  1971)  or  the  maximum  contaminant  levels  (MCLs) 
established  in  the  federal  Safe  Drinking  Water  Act.  Sulfate  has  been  detected  at  concentrations  above 
the  MCL  in  other  wells  near  the  Base  as  discussed  in  Section  3.2.  However,  the  sample  contained 
suspended  solids  which  may  have  caused  higher  concentrations  of  sulfate  and  other  anions  detected 
in  the  sample. 

Specific  conductivity  and  pH  were  measured  for  the  water  sample  collected  at  FlW-3.  Specific 
conductivity  was  measured  at  2872  pS/cm.  While  this  value  is  twice  the  background  level,  it  is 
consistent  with  values  measured  in  groundwater  samples  elsewhere  on  the  base  and  could  possibly 
be  caused,  in  part,  by  dissolution  of  the  suspended  solids  in  the  sample.  The  pH  is  near  neutral  and 
is  also  near  background  levels. 

5.5  SUMMARY  OF  FINDINGS 

The  soil-gas  survey  and  analysis  of  soil  samples  do  not  indicate  the  presence  of  environmental 
contamination  due  to  previous  fire-tr£uning  exercises.  No  analytes  detected  in  the  groundwater  were 
above  MCLs  except  for  some  major  ions  (e.g.,  calcium,  sulfate). 

5.6  RISK  ASSESSMENT  RESULTS 

5.6. 1  Groundwater  Consumption  Risks 

In  order  to  examine  the  magnitude  of  this  contamination  a  summary  table.  Table  5-5,  has  been 
prepared  showing  mean  and  maximum  levels  of  inorganic  toxicants  in  groundwater  at  Site  2.  Since 
no  detectable  quantities  of  organic  substances  were  detected,  there  are  no  ARAR  tables  for  that  type 
of  contaminant.  For  comparison,  the  applicable  or  relevant  and  appropriate  requirements  (ARAR; 
i.e.,  federal  and  state  water-quality  criteria  and  standards)  are  included.  As  specified  in  the  Superfiind 
Amendments  and  Reauthorization  Act  of  1986  (SARA),  on-site  remedial  actions  are  required  to 
attain  ARARs  unless  such  requirements  are  formally  waived.  Referring  to  Table  5-5,  it  can  be 
observed  that  the  reported  levels  for  nitrate  and  sulfate  exceed  ARARs  and/or  TBC  guidelines.  The 
TBC  guideline  for  sulfate  is  an  SMCL  that  is  not  enforceable  and  is  set  based  on  secondary 
(non-health-related)  criteria.  The  concentration  of  nitrate  is  only  slightly  above  the  MCL.  The 
concentrations  of  fluoride  and  nitrite  are  below  established  ARAR  levels  or  TBC  guidelines.  There 
are  no  ARARs  or  TBC  guidelines  for  calcium,  chloride,  magnesium,  phosphorous,  potassium,  and 
sodium.  Since  all  detected  quantities  of  organic  and  inorganic  compounds  are  below  ARAR  levels 
or  TBC  guidelines  or  there  is  a  reasonable  explanation  (not  related  to  hazardous  material  disposal  of 
handling  practices)  for  the  occurrence  of  elevated  levels,  a  risk  characterization  was  not  conducted 
for  the  groundwater-consumption  pathway. 

5.6.2  Soil  and  Sediment  Exposure  Risks 

Table  5-6  presents  the  results  of  the  risk  assessment  for  Site  2  soils.  The  table  first  provides  a 
summary  of  mean  levels  of  chemical  contaminants  observed  in  soils  and 
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Table.  5-6  RISK  CHARACTERIZATION  FOR  SITE  2:  SOIL  EXPOSURE 


COMPOUND 


Mean  Levels  in 
Soil  (a) 
(mg/kg) 


Noncarcin. 
Effects:  (b) 
Hazard  Index 
(Oose/RfD) 


Noncarci nogen ic 
Effect  of 
Concern 


cess  Lifetime 
Individual 
Carcinogenic 
Risk 

(Dose  X  q1*) 


INORGANICS 

Arsenic 

Beryllium 

Cadmium 

Chromium 

Copper 

Lead  12.00  3.36E-03  CNS,  Kidney 

Mercury 

Nickel 

Phosphorous 

Selenium 

Si Iver 

Thallium 

Zinc 


ORGANICS 

Acenanapthalene 

Anthracene 

Ethylbenzene 

Fluorene 

2-Hexane 

Methylene  Chloride 

2-Methylnaphthalene 

Naphthalene 

Nitrobenzene 

N-Nitrosodiphenyl amine 

Phenathrene 

1 , 1,2,2-Tetrachloroethane 
Tet rach I oroethy I ene 
Toluene 

1 . 1 .1 - Trichloroethane 

1 .1 .2- Trichloroethane 
Trichloroethylene 
Xylenes 


Hazard  Index:  Combined  Exposure  3.36E-03 

Excess  Lifetime  Cancer  Risk:  Combined  Exposure 


a.  Mean  of  2  samples. 

b.  Dose  calculated  assuming  ingestion  exposure  to  contaminated  surface  soil  on-site. 

Exposure  assumptions:  inadvertent  ingestion  of  0.1  grams  of  soil/day,  by  Base  personnel:  70  kg  adult 
exposed  2  days  per  week,  every  week.  11  months  per  year,  (  1  month  period  of  no  snow  cover), 

20  years  of  a  70  year  lifetime. 
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sediments  at  the  site  under  investigation.  Based  on  these  mean  values,  estimates  of  chronic  dose  are 
developed.  The  second  column  presents  the  hazard  index  for  noncarcinogenic  effects  which  was 
calculated  taking  into  account  the  calculated  dose.  The  third  column  describes  the  target  organs  for 
potential  effects.  The  fourth  column  presents  the  measure  of  excess  lifetime  probability  of  cancer. 
Risk  estimates  are  provided  separately  for  exposure  to  each  chemical  and  then  for  combined  exposure 
across  all  chemicaJs  for  a  given  site. 

Derivation  of  cancer  risks  are  based  on  estimates  of  the  "reasonable  maximum  exposure"  (as  defined 
in  the  revised  National  Contingency  Plan  53  FR  51394)  to  receptors  at  potential  risk.  These  estimates 
are  measures  of  hypothetical  risk  to  a  maximally  exposed  individual. 

The  results  of  the  risk  assessment  must  be  interpreted  in  the  context  of  these  exposure 
assumptions/scenarios.  Much  of  the  uncertainty  in  the  results  may  be  attributed  to  the  assumptions 
established  as  the  basis  of  the  exposure  assessment. 

As  shown  in  Table  5-6,  the  hazard  index  for  lead  does  not  exceed  1.0.  No  adverse  noncarcinogenic 
effects  would  therefore  be  anticipated  following  chronic  exposure  to  lead  in  soils  at  Site  2  for  Base 
personnel,  or  for  children  hypothetically  exposed  offsite.  No  potentially  carcinogenic  chemicals  were 
detected  in  soils  under  evaluation. 

5.7  CONCLUSIONS  AND  RECOMMENDATIONS 

Soil-gas  survey  results  showed  that  there  was  no  discernible  hydrocarbon  contamination  in  the 
vicinity  of  the  suspected  bum  pit  area  underneath  the  present  Power  Check  Pad.  Two  sampling 
locations  exhibited  extremely  low  levels  (PPT)  of  organic  solvents  in  the  soil-gas,  which  could  be 
related  to  any  number  of  small  volume  sources,  could  have  been  caused  by  ambient  air  conditions, 
and  showed  no  trends  of  any  significant  contamination.  Soil  samples  at  the  site  showed  no  evidence 
of  site-related  contamination.  Lead  was  found  at  a  normal  natural  background  level  and  is  not  related 
to  any  site  activdties.  Groundwater  sampling  showed  no  evidence  of  site-related  contamination.  Only 
inorganic  compounds,  in  concentrations  in  agreement  with  natural  background  levels,  were  detected. 
Because  of  the  downgradient  monitoring  well  located  at  this  site,  the  soil-gas  survey,  and  two  soil 
borings  drilled  during  a  previous  study  at  a  different  suspected  bum  pit  location.  Site  2  has  been 
decently  monitored.  No  soil  or  groundwater  contamination  is  known  to  exist  at  either  suspected 
location.  The  site  is  recommended  for  further  study  by  a  direct  push  sampling  technique.  It  is 
anticipated  that  this  action  will  lead  to  the  drafting  of  a  decision  document  to  eliminate  the  site  from 
further  IRP  study. 
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6.0  SITE  3  -  FORMER  FIRE  TRAINING  AREA  #2 

This  section  provides  information  specifically  pertaining  to  Site  3.  This  includes  past 
investigation  activities,  RI  objectives  and  activities  performed,  the  results  and  significance  of 
RI  findings,  risk  assessment  results,  and  conclusions  and  recommendations.  Background 
information  of  past  activities  is  provided  in  Sections  6.1  and  6.2.  A  complete  description  of 
activities  and  results  of  IRP  Phase  II,  Stage  1,  Part  1  are  presented  in  "Installation 
Restoration  Program,  Phase  II-Confirmation/Quantification  Stage  1,  Buckley  Air  National 
Guard  Base"  (Dames  &  Moore  1986). 

6.1  SITE  DESCRIPTION  AND  PREVIOUS  WORK 

The  purpose  of  the  Installation  Restoration  Program  (IRP)  Phase  I  (preliminary  assessment) 
was  to  identify  the  type  and  location  of  past  waste  disposal  practices  at  Buckley  ANGB  and 
to  assess  potential  for  contaminant  presence  and  migration.  This  phase  consisted  primarily 
of  interviews  and  record  review. 

The  Base  Fire  Chief  reports  that  FTA  No.  2  was  located  and  was  used  between  1950  and 
1972.  The  site  is  reportedly  unlined  and  undiked  and  is  within  2000  ft  of  Base  Well  No.  4, 
a  potable  water-supply  well.  This  well  is  normally  inactive.  Hazardous  materials  including 
AVGAS  and  JP-4  jet  fuel  and,  possibly,  waste  solvents  were  burned.  A  protein-based  foam 
(which  consisted  primarily  of  ox  blood)  was  used  to  extinguish  fires  (Butler  1988).  Exercises 
were  conducted  about  six  times  monthly.  A  hangar  for  small  aircraft  has  been  constructed 
on  or  immediately  adjacent  to  the  location. 

IRP  Phase  II,  Stage  1,  Part  1,  Confirmation/Quantification  (Site  Inspection) 

Field  investigations  were  conducted  at  Site  3.  Activities  included  drilling,  sampling,  and 
logging  of  two  soil  borings.  Chemical  analyses  of  soil  samples  was  performed. 

Chemical  analyses  of  soils  from  this  site  (see  Table  6-1)  indicated  that  no  contamination  was 
present.  Again,  however,  the  analytical  results  for  lead,  in  particular,  were  inconclusive  due 
to  matrix  interferences. 

The  Site  Inspection  did  not  adequately  determine  background  contaminant  concentrations, 
or  confirm  the  presence  and  extent  of  lead  and  other  contaminants  at  the  site.  Information 
identified  to  complete  data  gaps  included  determining  the  precise  location  of  the  site, 
downgradient  contaminant  concentrations,  the  extent  of  contamination,  and  defining  the 
hydrogeologic  properties  of  the  underlying  strata.  Recommendations  for  further 
investigation  included  installing  one  downgradient  well  at  FTA  No.  2  (Site  3). 
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TABLE  6-1.  ANALYTICAL  RESULTS  FOR  SITE  3— FORMER  FIRE  TRAINING  AREA  NO.  2 


SOIL  SAMPLES 


Parameter 

(Sample  Depth -Feet) 

Method 

Unit 

Detection 

Limit 

B-l 

(0-1.5) 

B-l 

(5-6.5) 

B-2 

(0-15) 

B-2 

(5-6.5) 

Lead 

239.1* 

mg/kg 

10 

47 

39 

40 

43 

Phenolics 

420.2* 

mg/kg 

1 

2 

ND 

3 

ND 

Total  Organic  Carbon 

415.1* 

mg/kg 

5 

5700 

1900 

4200 

1500 

Total  Organic  Halocarbons 

9020*’ 

mg/kg 

5 

ND 

ND 

ND 

ND 

Moisture  Content 

160.3* 

Percent 

1 

16 

16 

15 

19 

*  Methods  for  Chemical  Analysis  of  Water  and  Wastes,  EPA-6(X)/4-79-020,  Revised  March  1983. 

‘*Tcst  Methods  for  Evaluating  Solid  Waste.  SW-846. 2nd  ed.,  July  1982.  Modified  for  use  on  0.1.  Coip.  Model  610  TOX  Analyzer.  ND  ^indicates 
value  less  than  detection  limits.  Source:  Dames  &  Moore,  1986  and  1987.  **Installation  Restoration  Program,  Phase 
n — Confinnation/Quaniification,  Stage  1." 
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6.2  REMEDIAL  INVESTIGATION  ACTIVITIES 


Remedial  investigation  activities  were  based  upon  findings  of  the  Preliminary  Assessment  (Phase  I 
Records  Search)  and  two  earlier  investigations  (Phase  11  Stage  1,  Parts  1  and 
2-Confirmation/Quantification).  Objectives  of  the  RI  were  to: 

•  Determine  if  contamination  of  the  various  environmental  media  at  Site  3  is  present 

•  Identify  the  source(s)  and  nature  of  any  contamination  present 

•  Determine  the  extent,  magnitude,  and  movement  of  any  contamination  present 

•  Assess  the  risk  any  contamination  may  pose  to  public  health,  thereby  determining  the 
need  for  remedial  actions. 


RI  Part  1  activities  performed  at  Site  3  -  Former  Fire  Training  Area  No.  2,  included: 

•  Conducting  a  soil-gas  survey 

•  Drill,  sample,  and  abandon  one  soil  boring 

•  Drill,  soil  sample,  and  install  four  monitoring  wells 

•  Sample  groundwater  at  the  three  wells 

•  Aquifer  test  the  three  wells. 

Locations  of  field  activity  for  the  RI  Part  1  at  Site  3  are  shown  in  Figure  6-1 .  A  listing  of  sampling 
parameters  is  presented  in  Table  6-2a. 

RI  Part  2  activities  at  Site  3  included: 

•  Drill,  sample,  and  abandon  four  soil  borings. 

Locations  of  the  new  boreholes  (F2B-7,  8,  9,  and  10)  for  Site  3  are  also  shown  in  Figure  6-1 .  A 
listing  of  sampling  parameters  for  the  RI  Part  2  is  presented  in  Table  6-2b. 

6.3  SITE  HYDROGEOLOGY 

The  lithology  at  this  site  consisted  of  a  surficial  layer  3  to  5  ft  thick  of  loess  underlain  by  variably 
consolidated,  sands,  claystone,  and  shale  of  the  Denver  Formation  (Figures  6-2  and  6-3). 
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The  predominant  rock  type  was  claystone  which  accounted  for  roughly  50%  of  the  Denver  Formation 
encountered  during  drilling. 

Static  water  levels  ranged  from  24.8  to  28.2  ft  BLS  (1/20/89).  The  potentiometric  surface  map 
(Figure  6-4)  shows  that  groundwater  flow  is  northeasterly  through  the  site  with  a  hydraulic  gradient 
of  approximately  0.0015.  This  places  wells  F2W-4  and  5  generally  downgradient  of  the  site  and 
locates  the  nested  well  pair  F2W-3  A  and  B  upgradient. 

Slug  testing  conducted  during  the  RI  Part  1  yielded  values  of  hydraulic  conductivity  from  4.6  x  Ifr^ 
ft/min  to  6.2  x  10"*  ft/min.  Using  these  values  of  hydraulic  conductivity  and  hydraulic  gradient  results 
in  a  horizontal  groundwater  flow  velocity  of  less  than  2  ft/yr.  This  indicates  that  the  monitoring  wells 
may  be  too  far  downgradient  to  effectively  monitor  groundwater  at  the  site. 

6.4  RESULTS  AND  SIGNIFICANCE  OF  FINDINGS 

6.4. 1  Soil-Gas  Survey  Results 

Twenty-six  samples  were  collected  and  analyzed  during  the  RI  Part  1  at  Site  3,  Fire  Training  Area 
2.  Samples  were  analyzed  for  volatile  halocarbons  and  total  hydrocarbons  (inclusive  of  C  to  C® 
aliphatic  and  aromatic  hydrocarbons).  The  location  of  soil-gas  sampling  points  is  shown  in  Figure 
6-1.  The  samples  were  collected  on  grid  spacings  varying  between  12.5  and  50  ft  at  3  to  6  ft  BLS. 
Details  of  the  soil-gas  procedures  are  discussed  in  Section  2.2.1,  and  the  raw  soil-gas  data  are 
included  in  Appendix  F. 

Halocarbon  analysis  showed  one  point  (SG-19)  with  high  concentrations  of  TCE  and  PCE  (560  and 
100  pg/1,  respectively)  compared  to  ambient  background.  Sampling  points  surrounding  SG-19  show 
halocarbon  concentrations  decreasing  two  to  four  orders  of  magnitude  within  25  ft,  and  no 
concentrations  above  sample  detection  limits  were  foimd  at  sampling  points  50  ft  from  SG-19. 

Total  hydrocarbons  were  detected  in  22  samples  at  concentrations  from  0.1  to  100,000  pg/1,  but 
concentrations  decrease  four  to  six  orders  of  magnitude  with  increasing  distance  from  SG-19.  Figure 
6-5  shows  the  total  hydrocarbon  results  plotted  next  to  the  grid  locations  at  Site  3.  While  most 
sampling  points  outside  a  50-foot  radius  of  SG-19  did  not  have  total  hydrocarbon  concentrations 
above  sample-detection  limits,  a  few  samples  had  detectable  concentrations  at  levels  that  do  not 
indicate  extensive  hydrocarbon  contaminants  exist  in  the  soil  horizon  (0.8  to  3  pg/L).  Benzene, 
toluene,  and  total  jqrlenes  were  also  detected  at  Site  3.  Benzene  was  detected  at  13  sampling 
locations  above  sample-detection  limits  in  concentrations  varying  from  0.04  to  200,00  pg/1.  Toluene 
and  total  xylenes  were  detected,  but  concentrations  at  most  sampling  locations  were  not  quantified 
because  of  high  sample  detection  limits.  Therefore,  no  trends  could  be  observed  for  toluene  or  total 
xylenes.  These  compounds  are  components  of  fuel,  and  at  least  benzene  concentrations  correlated 
well  with  the  total  hydrocarbon  results. 
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FIGURE  6-3  Generalized  Geologic  Profile  B-B*  Showing  Vertical  Distribution  of  On-Site  Screening  Results  in  Subsurface  Soil 
(ng/kg)  at  Site  3,  Former  Fire  Training  Area  No.  2,  Colorado  Air  National  Guard,  Aurora,  Colorado. 
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Figure  6-4  Potentiometric  Surface  Contour  Map  of  Site-3.  Former  Fire  Training  Area  No.  2, 
January  19,  1989,  Colorado  Air  National  Guard,  Buckley  Field,  Aurora,  Colorado 
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Figure  6-5  Soil  Gas  Isoconcentration  Contour  Map  of  Total  Hydrocarbons  for  Site  3-  Former  Fire 
Training  Area  No.  2,  Colorado  Air  National  Guard,  Buckley  Field,  Aurora,  Colorado 


The  results  from  soil-gas  surveying  at  Site  3  show  a  central  area  with  high  concentrations.  The 
concentrations  decrease  several  orders  of  magnitude  towards  the  outside  of  a  25-fl  radius  circle.  This 
circular  area  is  most  likely  the  location  of  the  old  bum  pit.  Low  concentrations  that  were  detected 
outside  of  the  main  circular  area  indicate  the  soil  near  the  bum  pit  may  have  been  spread  around  the 
site  during  abandonment. 

6.4.2  Soil  Boring  Soil  Sample  Results 

Soils  from  one  soil  boring  (F2B-6)  were  sampled  during  the  RI  Part  1  at  Site  3  with  the  objective  of 
investigating  possible  soil  contamination  and  migration  of  contaminants  deeper  into  the  alluvial  and 
Denver  Aquifers  from  the  Former  Fire  Training  Area  No.  2.  Soil  samples  were  collected  every  2  ft 
from  the  surface  to  16  ft  BLS.  The  soil  boring  was  located  near  the  area  indicated  as  contaminated 
by  soil-gas.  Figure  6-1  shows  the  location  of  the  soil  boring. 

The  results  from  the  soil  boring  samples  analyzed  during  the  RI  Part  1  are  summarized  in  Table  6-3a. 
Methylene  chloride  was  detected  in  one  sample,  but  it  is  considered  to  be  present  as  a  result  of 
laboratory  contamination  (see  Section  2.2.1).  Toluene  (30.6  pg/kg)  and  total  xylenes  (570  pg/kg) 
were  detected  in  F2B-6  from  0  to  2  ft  BLS.  Several  volatile  organic  compounds  were  detected  in 
concentrations  above  the  laboratory  instmment  linear  range  in  the  soil  sample  from  4  to  6  ft  BLS 
(F2B-6):  1, 1,2,2  tetrachloroethane  (1056  pg/kg);  trichloroethene  (220  pg/kg);  1,1,2-trichloroethane 
(206  pg/kg);  2-hexanone  (2020  pg/kg);  toluene  (324  pg/kg);  and  total  xylenes  (1940  pg/kg).  No 
volatile  organic  compounds  were  detected  in  deeper  soil  samples  from  the  soil  boring.  The  sample 
from  0  to  2  ft  BLS  was  the  only  sample  analyzed  for  semivolatile  organic  compounds,  and  the  results 
show  2-methylnaphthalene  (21,300  pg/kg)  detected  at  approximately  three  times  the  reporting  limit. 
All  of  the  detect^  volatile  and  semivolatile  organic  compounds  are  components  of  fuel  which  is  used 
in  fire  training  exerdses.  Lead  was  detected  in  all  soil  samples  above  the  95%  Cl  of  the  background, 
but  no  detected  concentrations  were  above  the  natural  expected  background  range.  Higher 
concentrations  of  lead  did  not  correlate  with  higher  concentrations  of  volatile  and  semivolatile  organic 
compounds  at  this  site.  These  data  suggest  that  the  volatile  and  semivolatile  organic  compounds  and 
lead  detected  in  the  soil  samples  are  not  migrating  deeper  into  the  alluvium  and  entering  the 
groundwater  below  the  Former  Fire  Training  Area  No.  2. 

During  the  RI  Part  2,  four  20-ft  boreholes  (F2B-7,  8,  9,  and  10)  were  drilled  within  the  bum  area  at 
Site  3.  These  additional  soil  borings  were  drilled  to  determine  the  vertical  extent  for  possible  future 
excavation.  Soil  samples  were  collected  at  5-ft  intervals  and  screened  on-site  by  ECS  with  a 
Shimadzu  8A  GC  for  toluene,  ethylbenzene,  xylene,  methylene  chloride,  and  TCE.  In  addition  two 
samples  per  borehole  were  sent  to  NET  Pacific  for  in-depth  chemical  analysis.  Figure  6-1  also  shows 
the  locations  (inset  map)  of  the  four  additional  soil  borings  drilled  during  the  RI  Part  2. 

No  trends  in  contaminant  concentrations  were  observed  from  the  on-site  GC  screening  of  soil  boring 
samples.  TCE  (12  pg/kg)  was  detected  in  F2B-7  from  21.0  to  21.5  ft  BLS.  None  of  the  five  organic 
compounds  screened  on-site  were  detected  in  any  of  the  other  soil  boring  samples.  The  results  for 
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Compound  was  reported  present  in  the  laboratory  method  blank 

Concentration  it  out  of  linear  range 


TABLE  6-3a.  SUMMARY  OF  INORGANIC  AND  ORGANIC  COMPOUNDS  DETECTED  IN  SOIL  SAMPLES  AT  SITE  3  -  FORMER  FIRE 
TRAINING  AREA  NO.  2.  COLORADO  AIR  NATIONAL  GUARD,  AURORA,  COLORADO 
REMEDIAL  INVESTIGATION;  PART  1  (CONTINUED) 
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TABLE  e-3a.  SUMMARY  OF  INORGANIC  AND  ORGANIC  COMPOUNDS  DETECTED  IN  SOIL  SAMPLES  AT  SITE  3  -  FORMER  FIRE 
TRAINING  AREA  NO.  2.  COLORADO  AIR  NATIONAL  GUARD.  AURORA.  COLORADO 
REMEDIAL  INVESTIGATION:  PART  1  (CONTINUED) 
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Conpound  was  reported  present  in  the  laboratory  method  blank 


the  borehole  samples  screened  on-site  are  shown  on  cross-section  B-B'  (Figure  6-3).  The  on-site  GrC 
results  are  also  presented  in  Appendix  G-1. 

All  soil  samples  collected  at  Site  3  during  the  RI  Part  2  were  sent  to  the  laboratory  (NET  Pacific)  and 
analyzed  for  VOC's,  SVOC's,  and  lead.  The  locations  of  the  borehole  soil  samples  sent  to  the 
laboratory  are  also  shown  on  cross-section  B-B'  (Figure  6-3).  The  laboratory  results  are  summarized 
in  Table  6-3b. 

The  results  from  the  laboratory  analysis  of  borehole  soil  samples  taken  during  the  RI  Part  2  at  Site 
3,  show  that  the  soils  below  the  bum  area  have  limited  contamination.  VOC  results  indicate  the 
presence  of  methylene  chloride  in  nine  soil  samples  submitted  to  the  laboratory  for  analysis. 
Methylene  chloride  was  also  detected  in  the  associated  equipment  and  laboratory  method  blanks.  The 
presence  of  methylene  chloride  is  considered  related  to  outside  contamination  introduced  during 
handling  and/or  analysis,  and  is  not  considered  to  be  actual  site  contamination.  In  addition,  none  of 
the  soil  samples  screened  on-site  had  detections  of  methylene  chloride.  2-butanone  was  detected  in 
one  soil  sample  F2B-8  (21.5  -  22.0)  at  a  concentration  of  22  pg/kg.  However,  the  concentration  is 
considered  an  estimated  value.  The  mass  spectral  data  indicate  the  presence  of  a  compound  that 
meets  the  identification  criteria  for  2-butanone,  but  the  result  is  less  than  the  sample  quantitation  limit 
and  greater  than  zero.  VOC  TICs  were  detected  in  three  soil  samples  submitted  for  analysis  with 
concentrations  of 49,  49,  and  85  pg/kg. 

Identifiable  S  VOCs  were  not  detected  in  any  of  the  Site  3  soil  samples  submitted  to  the  laboratory 
with  the  exception  of  SVOC  TICs.  SVOC  TICs  were  found  in  F2B-7  (1.5  -  2.0),  F2B-8  (11.5  - 
12.0),  and  F2B-9  (1.5-  2.0).  The  total  concentration  of  the  SVOC  TICs  were  300,  6,840,  and  2,590 
pg/kg,  respectively. 

Lead  concentrations  for  the  nine  soil  samples  sent  the  laboratory  ranged  from  12.7  to  24.7  mg/kg. 
The  medium  lead  concentration  (16.6  mg/kg)  for  these  samples  is  slightly  above  the  95%  Cl  of 
background  (10  mg/kg)  established  at  the  base  during  the  RI  Part  1.  However,  the  median 
concentration  is  within  the  expected  background  range  (2.0  -  200  mg/kg)  for  lead  in  soil. 

6.4.3  Monitoring  Well  Borehole  Soil  Sample  Results 

Soil  samples  were  collected  from  three  monitoring  well  boreholes  installed  during  the  RI  Part  1  at 
Site  3.  Figure  6-1  shows  the  locations  of  monitoring  wells  and  Table  6-3  a  summarizes  the  data  for 
monitoring  well  soil  samples.  Methylene  chloride  was  detected  in  10  well  borehole  soil  samples,  but 
it  is  considered  a  laboratory  contaminant  and  is  not  indicative  of  environmental  contamination  (see 
Section  2.2.1).  Acetone  was  detected  in  one  soil  sample  (F2W-4)  from  0  to  2  ft  BLS,  but  because 
it  was  also  detected  in  field  QA/QC  samples,  it  is  not  considered  an  environmental  contaminant  at  this 
location.  No  other  volatile  or  semivolatile  organic  compounds  were  detected  above  laboratory 
reporting  limits  in  the  soils  fi'om  monitoring  wells.  Lead  was  detected  in  8  of  12  monitoring  well  soil 
samples  exceeding  the  95%  Cl  of  the  background,  but  the  levels  do  not  exceed  the  expected 
background  range  (Table  3-4).  These  data  indicate  that  contaminants  are  not  spreading  laterally  or 
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vertically  throughout  the  soil  horizon.  Additional  monitoring  wells  were  not  installed  at  Site  3  during 
the  RI  Part  2. 

6.4.4  Groundwater  Sample  Results 

During  the  RI  Part  1  groundwater  samples  were  collected  and  analyzed  from  four  wells  installed  with 
screened  intervals  in  the  Denver  Aquifer:  F2W-3  A;  F2W-3B;  F2W-4;  and  F2W-5.  The  objective  of 
the  groundwater  sampling  was  to  determine  if  the  groundwater  under  Site  3  has  been  contaminated 
from  the  Former  Fire  Training  Area  No.  2.  Additionally,  wells  F2W-3  A  and  F2W-3B  were  installed 
as  a  cluster  pair  with  the  screened  interval  for  F2W-3B  being  installed  deeper  in  the  Denver  Aquifer 
under  a  clay  layer.  Analysis  of  groundwater  from  F2W-3B  was  intended  solely  to  determine  whether 
the  clay  layer  was  separating  groundwater  within  the  aquifer. 

Table  6-4  summarizes  the  analytic  results  for  groundwater  at  Site  3.  Methylene  chloride  was  the  only 
volatile  organic  compound  detected  in  groundwater  samples  from  Site  3;  however,  methylene 
chloride  is  a  common  laboratory  contaminant  (see  ^pendbc  H)  and  is  not  indicative  of  contamination 
at  this  site.  Bis(2-ethylhexyl)phthalate  was  detected  in  the  groundwater  sample  from  F2W-5; 
however,  this  compound  was  also  detected  in  field  QA/QC  samples,  and  is  not  considered  an 
environmental  contaminant  either  at  this  site.  No  other  volatile  or  semivolatile  organic  compounds 
were  detected  in  the  groundwater  samples. 

Lead  was  detected  in  one  groundwater  sample  (F2W-3  A),  but  at  a  concentration  below  the  MCL 
established  in  the  Safe  Drinking  Water  Act.  Major  cations  were  analyzed  in  two  samples  (F2W-4  and 
F2W-5),  and  did  not  exceed  State  of  Colorado  drinking  water  standards  (where  specified). 
Calculated  hardness  is  higher  than  background,  but  concentrations  were  comparable  with  other 
groundwater  samples  collected  during  the  RI  and  were  within  concentration  ranges  expected  in  the 
Denver  Aquifer  near  the  Base  (Hillier  et  al.  1983).  Nitrate  and  sulfate  concentrations  exceeded  State 
of  Colorado  standards  (Colorado  Department  of  Health  1971)  in  all  wells  at  Site  3  and  were  above 
expected  concentration  ranges  in  this  area  (Hillier  et  al.  1983).  Chloride  concentrations  exceeded 
State  of  Colorado  standards  in  one  well,  but  were  below  standard  in  all  other  groundwater  samples 
from  Site  3.  High  concentrations  of  nitrates  is  possibly  due  to  the  close  proximity  of  two  sewage 
leach  fields  at  Site  3.  High  concentrations  of  cations  and  anions  could  also  be  due  to  the  high  amount 
of  suspended  solids  in  the  samples.  Comparisons  of  groundwater  samples  from  F2W-3A  and 
F2W-3B  show  no  change  in  sulfate  and  phosphorus  concentrations.  Chloride  concentrations  decrease 
slightly  at  depth  in  F2W-3B.  Nitrate  concentrations  decrease  in  F2W-3B,  but  nitrite  concentrations 
increase  substantially,  indicating  the  samples  from  F2W-3B  were  collected  from  an  anaerobic 
enwronment  (which  is  expected  from  water  deeper  within  an  aquifer).  In  conclusion,  the  data  do  not 
indicate  a  difference  between  the  groundwater  from  the  two  wells.  Cation  comparisons  (calcium, 
mag-  nesium,  potassium,  and  sodium)  from  these  two  samples  (F2W-3A  and  F2W-3B)  show 
variations,  but  these  differences  are  most  likely  caused  by  the  high  concentration  of  suspended  solids 
in  the  samples. 
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NO*  Not  Detected 


Specific  conductivity  was  measured  for  each  groundwater  sample  except  the  sample  fi'om  F2W-3B. 
The  specific  conductivity  varies  between  3700  and  5740  phoms/cm,  which  is  comparable  with  other 
wells  at  the  Base.  No  trend  was  observed,  and  measured  specific  conductivity  variations  may  be 
affected,  in  part,  by  dissolution  of  suspended  solids  in  the  samples.  The  pH  was  neutral  (6.97)  in 
samples  from  L2W-3A.  No  other  pH  measurements  were  obtained  at  Site  3;  therefore,  no  trend 
could  be  determined. 

Previously  installed  monitoring  wells  at  Site  3  were  not  sampled  during  the  RI  Part  2. 

6. 5  SUMMARY  OF  FINDINGS 

The  soil-gas  survey  detected  elevated  (relative  to  background)  concentrations  of  total  hydrocarbons, 
benzene,  toluene,  and  total  xylenes  in  a  small  semicircular  area  with  radius  of  approximately  25  ft. 
Lower  concentrations  were  detected  in  an  irregular  pattern  up  to  50  ft  from  the  semicircular  area. 
This  pattern  is  most  likely  due  to  regrading  and  spreading  of  the  soils  surrounding  the  fire  pit  during 
abandonment. 

Volatile  organic  compounds  were  detected  in  one  soil  boring  (F2B-6)  above  10  ft  BLS.  Deeper  soils 
fi'om  this  boring  and  soils  collected  during  monitoring  and  well  drilling  indicate  that  contaminants  are 
not  migrating  deeper  into  the  soil.  2-butanone  was  detected  in  one  soil  boring  (F3B-8)  21.5ft  BLS, 
however  it  was  an  estimated  value  less  than  the  sample  quantitation  limit.  Lead  was  detected  above 
the  95%  confidence  interval  of  local  background  samples  in  most  soils,  but  did  not  exceed  expected 
background  ranges  for  soils. 

Selenium  and  sulfate  were  detected  above  background  sample  levels  in  all  wells,  but  were  within 
expected  ranges  for  groundwater  in  the  Denver  Aquifer  surrounding  the  Base  (Hillier  et  al.  1983). 
Mtrates  were  above  the  MCLs  and  expected  ranges,  but  these  higher  concentrations  are  most  likely 
caused  by  the  close  proximity  of  two  sewer  leach  fields. 

6.6  RISK  ASSESSMENT  RESULTS 
6.6.1  Groundwater  Risks 

In  order  to  examine  the  magnitude  of  this  contamination  a  summary  table.  Table  6-5,  has  been 
prepared  showing  mean  and  maximum  levels  of  inorganic  toxicants  in  groundwater  at  Site  3.  Since 
no  detectable  quantities  of  organic  substances  were  detected,  there  are  no  ARAR  tables  for  that  type 
of  contaminant.  For  comparison,  the  applicable  or  relevant  and  appropriate  requirements  (ARARs; 
i.e.,  federal  and  state  water-quality  criteria  and  standards)  are  included.  As  specified  in  the  Superfimd 
Amendments  and  Reauthorization  Act  of  1986  (SARA),  on-site  remedial  actions  are  required  to 
attain  ARARs  unless  such  requirements  are  formally  waived. 

Referring  to  Table  6-5,  it  can  be  observed  that  the  reported  levels  of  nitrate  and  sulfate  exceed  ARAR 
levels  or  TBC  guidelines.  The  TBC  guideline  for  sulfate  is  an  SMCL  that  is  not  enforceable  and  is 
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Mean  concentration  of  groundwater  from  Site  3.  Mean  values  were  calculated  treating  **not  detected'*  results  as  if  the  subject  chemical  was  present  at 


levels  detected  in  wells  at  this  site  are  probably  associated  with  their  location  relative  to  nearby  septic 
tank  leach  fields.  The  reported  concentrations  for  lead  and  nitrite  are  below  ARAR  levels  or  TBC 
guidelines.  There  are  no  ARARs  for  calcium,  chloride,  magnesium,  phosphorous,  potassium,  and 
sodium.  Since  all  detected  quantities  of  organic  and  inorganic  compounds  are  below  ARAR  levels 
or  TBC  guidelines,  or  there  is  a  reasonable  explanation  (not  related  to  hazardous  material  disposal 
or  handling  practices)  for  the  occurrence  of  elevated  levels  -  a  risk  characterization  was  not 
conducted  for  the  groundwater-consumption  pathway. 

6.6.2  Soil  Exposure  Risks 

Table  6-6  presents  the  results  of  the  risk  assessment  for  Site  3  soils.  The  table  first  provides  a 
summary  of  mean  levels  of  chemical  contaminants  observed  in  soils  fi'om  RI  Parts  1  and  2.  Based  on 
these  mean  values,  estimates  of  chronic  dose  are  developed.  The  second  column  presents  the  hazard 
index  for  noncarcinogenic  effects,  which  were  calculated  taking  into  account  the  calculated  dose.  The 
third  column  describes  the  target  organs  for  potential  effects.  The  fourth  column  presents  the 
measure  of  excess  lifetime  probability  of  cancer.  Risk  estimates  are  provided  separately  for  exposure 
to  each  chemical  and  then  for  combined  exposure  across  all  chemicals  for  a  given  site. 

Derivation  of  cancer  risks  are  based  on  estimates  of  the  "reasonable  maximum  exposure"  (as  defined 
in  the  revised  National  Contingency  Plan  53  FR  51394)  to  receptors  at  potential  risk.  These  estimates 
are  measures  of  hypothetical  risk  to  a  maximally  exposed  individual. 

The  results  of  the  risk  assessment  must  be  interpreted  in  the  context  of  these  exposure 
assumptions/scenarios.  Much  of  the  uncertainty  in  the  results  may  be  attributed  to  the  assumptions 
established  as  the  basis  of  the  exposure  assessment. 

As  shown  in  Table  6-6,  none  of  the  hazard  indices  for  any  subject  chemical  exceed  1.0.  In  addition, 
the  hazard  indices  for  combined  exposure  across  chemicals  is  also  less  than  1.0.  No  adverse 
noncarcinogenic  effects  would  therefore  be  anticipated  following  chronic  exposure  to  compounds  in 
soils  from  Site  3  for  Base  personnel,  or  for  children  hypothetically  exposed  offsite.  None  of  the 
carcinogenic  risk  estimates  exceed  lO"^  indicating  that  there  is  no  risk  from  potential  carcinogens  at 
the  site. 

6.7  CONCLUSIONS  AND  RECOMMENDATIONS 

Evaluation  of  the  RI  data  collected  at  Site  3  did  not  confirm  the  absence  of  VOC  contamination  from 
the  SI.  Soil-gas  survey  results  revealed  the  presence  of  an  approximately  50-ft  diameter  area  of 
principally  hydrocarbon  contamination  centered  within  the  abandoned  bum  pit  location.  Volatile 
compounds  measured  in  the  soil-gas  contamination  consisted  of  benzene,  toluene,  and  xylenes,  which 
are  components  of  the  fuel  burned  in  the  pit.  One  soil-gas  sample  taken  in  the  middle  of  the  pit 
contained  elevated  levels  of  chlorinated  organic  solvents  (TCE  and  PCE)  reportedly  associated  with 
waste  fuels  burned  in  the  pit.  The  area  of  soil  hydrocarbon  contamination  was  vertically  defined  by 
drilling  (RI  Parts  1  and  2)  five  soil  borings  through  the  former  bum  pit.  Contamination  consistent 
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Table  6-6.  Risk  Characterization  for  Site  3:  Soil  Exposure 


Mean  Levels  in 

Noncarcin. 
Effects:  (b) 

Noncarcinogenic 

Excess  Lifetime 
Individual 
Carcinogenic 

Soil  (a) 

Hazard  Index 

Effect  of 

Risk 

Compound 

(mg/kg) 

(Dose/RfD) 

Concern 

(Dosexql*) 

INORGANICS 

Arsenic 

BeryHium 

Cadmium 

Chromium 

Copper 

Lead  14.00  2.30E-03  CNS.  Kidney 

Mercury 

Nickel 

Phosphorous 

Selenium 

Silver 

Thallium 

Zinc 


ORGANICS 

Acenanaphthalene 

Anthracene 

Ethylbenzene 

Ruorene 

2-Hexanone 

0.10 

Methylene  Chloride 

2-Butanone 

0.048 

2-Methy1naphthalene 

1.82 

Naphthalene 

Nitrobenzene 

N-NItrobenzene 

Phenathrene 

1,1 .2,2-Tetrachloroethane 

0.05 

Tetrachloroethyiene 

Toluene 

0.02 

1 ,1 .1-Trichloroethane 

1 ,1 ,2-T  richloroethane 

0.014 

Trichloroethylene 

0.015 

Xylenes 

0.10 

Data  inadequate  for  risk  assessment  (HEAST 1991) 

2.20E-07  Fetotoxicity 

Data  inadequate  for  risk  assessment 


9.8E-10 

1.53E-08  CNS 

7.0E-11 

1.6E-11 

TIE-09  CNS 


Hazard  Index:  Combined  Exposure  2.3E-03 

Excess  Lifetime  Cancer  Risk:  Combined  Exposure 


1.1E-09 


a.  Mean  of  5  samples.  Mean  concentrations  were  determined  treating  *not  detected*  results 
as  if  the  chemical  was  present  at  half  the  detection  limit. 

b.  Dose  calculated  assuming  ingestion  exposure  to  contaminated  surface  soil  on-site. 

Exposure  assumptions;  inadvertent  ingestion  of  0.1  gram  of  soil/day,  by  Base  personnel;  70  kg  adult 
exposed  2  days  per  week,  every  week.  11  months  per  year.  (1  month  period  of  no  snow  cover). 

20  years  of  a  70  year  lifetime. 
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with  waste  fuel  (both  volatile  and  semivolatile)  was  found  to  a  depth  of  6  ft  in  soil  boring  F2B-6. 
Samples  below  the  6-ft  depth  within  this  boring,  as  well  as  samples  collected  from  the  other  four 
boreholes  drilled  within  the  former  bum  pit  show  no  evidence  of  any  site-related  contamination. 
Levels  of  several  inorganic  compounds  were  detected  in  these  samples  but  are  consistent  with  natural 
background  levels.  No  site-related  groundwater  contamination  was  found  in  the  monitoring  wells 
installed  at  this  site.  Several  inorganic  compounds  were  detected  in  these  groundwater  samples,  but 
the  levels  are  consistent  with  natural  background  levels. 

The  results  of  the  soil  boring  F2B-6  (taken  through  the  center  of  the  bum  pit)  clearly  show  that  soil 
contamination  is  limited  to  8  ft  or  less  in  depth,  well  above  the  25-ft  depth  of  the  potentiometric  water 
surface.  Furthermore,  low  permeability  clay  layers  exist  above  the  groundwater,  creating  confined 
aquifer  conditions  beneath  the  site  and  also  protecting  groundwater  from  the  surficial  contamination. 
Because  of  these  clay  layers,  groundwater  contamination  is  unlikely;  therefore,  this  site  has  been 
adequately  monitored  to  detect  the  extent  of  contamination  and  affected  media.  A  baseline  public 
healA  evaluation  indicates  that  there  is  no  significant  carcinogenic  or  noncarcinogenic  risk  associated 
with  the  limited  soil  contamination  at  the  site.  Therefore,  no  immediate  action  is  necessary  at  this  site. 
If  the  Relative  Risk  Program  of  the  DOD  supports  funding,  a  groundwater  monitoring  well  should 
be  installed  to  provide  data  for  a  decision  document  supporting  the  elimination  of  the  site  from  further 
IRP  study. 
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7.0  SITE  4  -  FIRE  TRAINING  AREA  #3 


This  section  provides  information  specifically  pertaining  to  Site  4.  This  includes  past  investigation 
activities,  RI  objectives  and  activities  performed,  the  results  and  significance  of  RI  findings,  risk 
assessment  results,  and  conclusions  and  recommendations.  Background  information  of  past  activities 
is  provided  in  Sections  7. 1  and  7.2  A  complete  description  of  activities  and  results  of  IRP  Phase  II, 
Stage  1,  Part  1  are  presented  in  "Installation  Restoration  Program,  Phase 
E-Confirmation/Quantification  Stage  1,  Buckley  Air  National  Guard  Base"  (Dames  &  Moore  1986). 

7. 1  SITE  DESCRffTION  AND  PREVIOUS  WORK 

The  purpose  of  the  Installation  Restoration  Program  (IRP)  Phase  I  (preliminary  assessment)  was  to 
identify  the  type  and  location  of  past  waste  disposal  practices  at  Buckley  ANGB  and  to  assess 
potential  for  contaminant  presence  and  migration.  This  phase  consisted  primarily  of  interviews  and 
record  review. 

FTANo.  3  is  located  west  of  Building  801;  it  has  been  in  operation  since  1972.  Current  fire-training 
procedures  are  to  saturate  the  surface  with  water  to  reduce  infiltration,  ignite  approximately  150  gal 
of  water-contaminated  E*-4  jet  fuel  spread  on  the  pad,  and  extinguish  the  fire  with  water  and  6% 
(currently  3%)  aqueous  film-forming  foam  (AFFF).  Twenty-four  exercises  are  conducted  annually 
using  about  400  gal  of  AFFF.  Approximately  50  to  70%  of  the  fuel  is  burned  (Simons,  Li,  & 
Associates,  Inc.  1982;  Butler  1988). 

IRP  Phase  n,  Stage  1,  Part  1,  Confirmation/Quantification  (Site  Inspection) 

Field  investigations  were  conducted  at  Site  4.  Activities  included  drilling,  sampling,  and  logging  of 
two  soil  borings.  Chemical  analyses  of  soil  samples  was  performed. 

Chemical  analyses  of  soils  from  this  site  (see  Table  7-1)  indicated  that  contamination  was  present  as 
measured  by  total  organic  halogens  (TOX;  up  to  8.6  mg/kg)  and  phenolics  (up  to  6  mg/kg).  As  at 
previous  sites,  lead  data  for  soils  were  inconclusive  as  to  actual  levels  due  to  matrix  effects  associated 
with  the  test  procedure.  The  Site  Inspection  did  not  determine  background  contaminant 
concentrations,  or  confirm  the  presence  and  extent  of  lead  or  other  contaminants  at  this  site. 
Information  identified  to  complete  data  gaps  have  included  determining  the  precise  location  of  the 
site,  downgradient  contaminant  concentrations,  the  extent  of  contamination,  and  defining  the 
hydrogeologic  properties  of  the  underlying  strata.  Recommendations  for  fiirther  investigation 
included  installing  three  new  wells  at  Fire  Training  Area  No.  3  (Site  4). 

7.2  REMEDIAL  INVESTIGATION  ACTIVITIES 

Remedial  investigation  activities  were  based  upon  findings  of  the  Preliminary  Assessment  (Phase  I 
Records  Search)  and  two  earlier  investigations  (Phase  II  Stage  1,  Parts  1  and  2-Confirmation/ 
Quantification).  Objectives  of  the  RI  were  to: 
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TABLE  7-1 .  ANALYTICAL  RESULTS  FOR  STTE  4  ~  FORMER  FIRE  TRAINING  AREA  NO.  3 


Parameter 

(Sample  Depth -Feel) 

Method 

Unit 

Detection 

Limit 

B-l 

(0-1.5) 

SOIL  SAMPLES 

B-l  B-2 

(5-6.5)  (0-15) 

B-2 

(5-6.5) 

Lead 

239.1* 

mg/kg 

10 

20 

37 

45 

29 

Phenolics 

420.2* 

mg/kg 

1 

6 

5 

4 

3 

Total  Organic  Carbon 

415.1* 

mg/kg 

5 

5800 

4300 

3700 

1500 

Total  Organic  Halocarbons 

9020” 

mg/kg 

5 

8.6 

ND 

ND 

ND 

Moisture  Content 

160.3* 

Percent 

1 

11 

11 

9 

4 

aMcthods  for  Chemical  Analysis  of  Water  and  Wastes,  EPA -600/4-79-020,  Revised  March  1983. 

Test  Methods  for  Evaluating  Solid  Waste,  SW-846, 2nd  ed.,  July  1982,  Modified  for  use  on  0. 1 .  Coip.  Model  610  TOX  Analyzer.  ND  -  indicates 
value  less  than  detection  limits.  Source:  Dames  Sl  Moore,  1986  and  1987.  ^^Installation  Restoration  Program,  Phase 
n — Confiimation/Quaniificalion,  Stage  1." 
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•  Determine  if  contamination  of  the  various  environmental  media  at  Site  4  is  present 

•  Identify  the  source(s)  and  nature  of  any  contamination  present 

•  Determine  the  extent,  magnitude,  and  movement  of  any  contamination  present 

•  Assess  the  risk  any  present  contamination  may  pose  to  public  health,  thereby  determining 
the  need  for  remedial  actions. 

RI  Part  1  activities  performed  at  Site  4  -  Fire  Training  Area  No.  3,  included: 

•  Conducting  a  soil-gas  survey, 

•  Drill,  sample,  and  abandon  two  soil  borings 

•  Drill,  soil  sample,  and  install  three  monitoring  wells 

•  Sample  groundwater  at  the  three  wells 

•  Aquifer  test  the  three  wells. 

Locations  of  field  activity  for  the  RI  Part  1  at  Site  4  are  shown  in  Figure  7-1.  A  listing  of  sampling 
parameters  is  presented  in  Table  7-2a. 

RI  Part  2  activities  performed  at  Site  4  included: 

•  Drill,  sample,  and  abandon  five  soil  borings 

•  Drill,  soil  sample,  and  install  three  monitoring  wells 

•  Sample  groundwater  at  the  three  new  wells  and  three  previously  installed  wells. 

Locations  of  the  new  boreholes  (F3B-9, 1 1,  12, 14,  and  15)  and  monitoring  wells  (F3W-8,  10,  and 
13)  for  Site  4  are  also  shown  in  Figure  7-1.  A  listing  of  sampling  parameters  for  the  RI  Part  2  is 
presented  in  Table  7-2b. 

7.3  SITE  HYDROGEOLOGY 

The  deposits  encountered  during  drilling  at  this  site  were  the  coarsest  of  any  found  on  base. 
Underneath  a  thin  3-ft  layer  of  loess  were  greater  than  45  ft  of  sand,  gravel,  and  some  silt  (Figures 
7-2,  7-3,  7-4  and  7-5).  These  deposits,  which  comprised  the  thickest  continuous  bed  of 
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Figure  7-1  Field  Activities  for  Site  4-Fire  Training  Area  No.  3,  Colorado  Air  National  Guard, 
Buckley  Field,  Aurora,  Colorado 
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TABLE  7-2b.  REMEDIAL  INVESTIGATION  SAMPLE  ANALYSIS  SUMMARY  FOR  SITE  4  -  BASE  FIRE  TRAINING  AREA  NO.  3. 
BUCKLEY  FIELD,  COLORADO  AIR  NATIONAL  GUARD,  AURORA,  COLORADO 
REMEDIAL  INVESTIGATION:  PART  2 
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Guard,  Buckley  Field,  Aurora,  Colorado, 


BURN  PIT 
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FIGURE  7-3  Gei^raliz^  Geologic  Profile  B-B’  Showing  Vertical  Distribution  of  On-Site  Screening  Results  in  Subsurface  Soil 
(tigAg)  at  Site  4,  Fire  Training  Area  No.  3,  Colorado  Air  National  Guard,  Aurora,  Colorado. 
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FIGURE  7-4  Generalized  Geologic  Profile  C-C’  Showing  Vertical  Distribution  of  On-Site  Screening  Results  In  Subsurface  Soil 
(^g/kg)  at  Site  4,  Fire  Training  Area  No.  3,  Colorado  Air  National  Guard,  Aurora,  Colorado. 


coarse-grained  sediment  encountered  at  the  Base,  were  both  eolian  deposits  and  Denver 
Formation  deposits;  however,  the  contact  between  these  deposits  cannot  be  discerned. 

Static  water  levels  at  the  site  ranged  from  38.4  to  39.2  ft  BLS  (1/20/89)  and  from  39.9  to  40.7  ft  BLS 
(8/15/91).  The  potentiometric  surface  maps  (Figures  7-6  and  7-7)  show  that  the  flow  is  to  the 
northwest  with  a  hydraulic  gradient  of  approximately  0.0096.  This  flow  direction  was  unexpected 
because  the  potentiometric  surface  generally  mimics  topography.  The  flow  direction  was  originally 
expected  to  be  to  the  southwest  because  of  a  strong  southwestern  topographic  slope  just  south  of  the 
site.  These  groundwater-flow  patterns  indicate  that  wells  F3W-8, 10  and  13  are  downgradient;  F3W- 
4  and  5  are  cross-gradient  and  F3W-3  upgradient  of  the  bum  pit  (source  area). 

Slug  testing  conducted  during  the  RI  Part  1  yielded  values  of  hydraulic  conductivity  ranging  from  2.4 
X  10-'  to  4.5  X  10-’  ft/min.  All  tests  and  logs  indicate  that  the  aquifer  in  this  area  is  under  unconfined 
conditions. 

7.4  RESULTS  AND  SIGNIFICANCE  OF  FINDINGS 
7.4.1  Soil-Gas  Survey  Results 

Twelve  soil-gas  samples  were  collected  and  analyzed  during  the  RI  Part  1  at  Site  4,  Fire  Traimng 
Area  3.  Samples  were  analyzed  for  volatile  halocarbons  and  total  hydrocarbons  (inclusive  of  C‘  to  C‘® 
aliphatic  and  aromatic  hydrocarbons).  The  locations  of  soil-gas  sampling  points  are  shown  in  Figure 
7-1.  The  samples  were  collected  on  irregular  grid  spacings  varying  between  50  and  100  ft  at  6  ft 
BLS.  Details  of  the  soil-gas  procedures  are  discussed  in  Section  2.2.1,  and  the  raw  soil-gas  data  are 
included  in  Appendix  F. 

Halocarbon  analysis  showed  low  concentrations  of  PCE,  TCE,  and  1,1,1  TCA  at  several  sampling 
locations.  PCE  was  the  analyte  found  in  the  most  sampling  locations  ranging  in  concentrations  from 
0.006  to  0.8  pg/1.  The  samples  with  the  highest  PCE  concentrations  were  located  near  the  oil  sump 
and  within  the  approximate  bum  pit  perimeter. 

Four  sampling  locations  at  Site  4  showed  elevated  total  hydrocarbon  concentrations  (167  to  320,000 
pg/1).  Figure  7-8  shows  a  contour  plot  of  concentrations  of  total  hydrocarbons  around  Site  4.  The 
plot  shows  an  area  of  potential  soil  contamination,  measuring  approximately  170  by  260  ft,  located 
directly  under  and  adjacent  to  the  bum  pit  perimeter.  Benzene  was  also  detected  at  five  sampling 
locations,  ranging  in  concentration  from  4  to  70,000  pg/1.  Benzene  is  a  component  of  fuel,  and  it 
correlated  well  with  the  total  hydrocarbon  results.  Toluene  and  total  xylenes  were  detected,  but 
concentrations  were  not  quantified  because  of  high  sample  detection  limits. 
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Figure  7-6  Potentiometric  Surface  Contour  Map  of  Site-4,  Fire  Training  Area  No.  3,  January  19, 
1989,  Colorado  Air  National  Guard,  Buckley  Field,  Aurora,  Colorado 
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Figure  7-7.  Potentiometric  Surface  Contour  Map  of  Site  4-Fire  Training  Area  No.  3, 
August  15,  1991,  Colorado  Air  National  Guard,  Buckley  Field,  Aurora,  Co 
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Figure  7-8  Soil  Gas  Isoconcentration  Contour  Map  of  Total  Hydrocarbons  for  Site-4,  Fire 
Training  Area  No.  3,  Colorado  Air  National  Guard,  Buckley  Field, 

Aurora,  Colorado 
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7.4.2  Soil  Boring  Soil  Sample  Results 


Soils  from  two  soil  borings  (F3B-6  and  F3B-7)  were  sampled  during  the  RI  Part  1  at  Site  4  with  the 
objective  of  investigating  possible  soil  contamination  and  migration  of  contaminants  deeper  into  the 
alluvial  and  Denver  Aquifers  from  the  Fire  Training  Area  No.  3  bum  pit.  Soil  samples  were  collected 
every  2  ft  from  the  surface  to  16  ft  BLS.  The  soil  borings  were  located  in  the  bum  pit.  Figure  7-1 
shows  the  location  of  the  two  soil  borings. 

The  results  from  the  soil  boring  samples  analyzed  during  the  RI  Part  1  are  presented  in  Table  7-3a. 
Ethyl  benzene  (859  pg/kg)  and  totaJ  xylenes  (1090  pg/kg)  were  detected  in  F3B-6  from  0  to  2  ft 
BLS.  The  two  analytes  were  detected  at  decreasing  concentrations  with  depth  in  all  other  soil 
samples  from  F3B-6  (e  g.,  total  xylenes  were  detected  at  29.0  pg/kg  in  the  soil  sample  from  14  to  16 
ft  BLS).  Total  xylenes  were  detected  in  the  soil  sample  from  0  to  2  ft  BLS  in  soil  boring  F3B-7.  The 
sample  from  0  to  2  ft  BLS  in  F3B-6  was  the  only  sample  analyzed  for  semivolatile  organic 
compounds,  and  the  results  show  eight  compounds  detected  in  this  interval  (Table  7-3a).  All  the 
volatile  and  semivolatile  compounds  detected  at  Site  4  are  known  to  be  components  of  fuel  which 
was  used  in  the  bum  pit.  No  other  volatile  or  semivolatile  organic  compounds  were  detected  in  the 
soils  from  soil  borings  at  Site  4. 

Lead  was  detected  in  all  soil  samples,  and  most  of  the  concentrations  were  less  than  the  95%  Cl  of 
the  background.  However,  two  samples  (F3B-6,  0  to  2  ft  BLS;  F3B-7,  0  to  2  ft  BLS)  located  in  or 
near  the  fire  pit  show  lead  concentrations  above  the  95%  Cl  of  background,  but  still  below  the 
expected  background  range  (Table  3-4).  The  high  lead  concentration  in  this  soil  possibly  results  from 
the  fuel  used  in  the  bum  pit. 

These  data  indicate  that  the  volatile  and  semivolatile  organic  compounds  could  possibly  be  migrating 
deeper  into  the  alluvium  and  entering  the  groundwater  below  the  Former  Fire  Training  Area  No.  3. 
However,  the  data  also  indicate  that  lead  detected  in  the  soil  samples  is  probably  precipitating  close 
to  the  land  surface  and  not  migrating  deeper  into  the  alluvium. 

During  the  RI  Part  2  five  40-ft.  boreholes  (F3B-9,  1 1,  12, 14,  and  15)  were  drilled  within  the  bum 
area  and  adjacent  to  the  fiiel  storage  area  at  Site  4.  These  additional  soil  borings  were  drilled  to 
determine  the  vertical  contaminant  extent  for  possible  future  excavation.  Soil  samples  were  collected 
at  5 -ft.  intervals  and  screened  on-site  by  ECS  with  a  Shimadzu  8 A  GC  for  toluene  ethylben^ne, 
xylene,  methylene  chloride  and  TCE.  A  minimum  of  two  samples  per  borehole  were  sent  to  NET 
Pacific  for  in-depth  chemical  analysis.  In  addition,  seven  samples  from  the  bum  area  were  sent  to 
NET  Pacific  for  lead  only  analysis.  These  samples  were  added  to  the  original  statement  of  work  to 
obtain  a  better  understanding  of  median  lead  concentrations  at  the  site.  Figure  7-1  shows  the 
locations  of  the  five  new  boreholes  drilled  during  the  RI  Part  2. 

The  results  of  the  on-site  GC  screening  of  soils  showed  elevated  concentrations  of  toluene, 
ethylbenzene,  j^lene,  and  methylene  chloride  in  soil  borings  (F3B-9,  11,  12,  and  14)  within  the  bum 
pit  area.  The  following  is  a  list  of  ranges  for  the  five  organic  compounds  screened  on-site  with  the 
GC;  toluene  (<5  -  1,600  pg/kg),  ethylbenzene  (<5  -  1,600  pg/kg),  xylene  (<5  -  13,000  pg/kg), 
methylene  chloride  (<20  -  8,800  pg/kg),  and  TCE  (<5-15  pg/kg).  The  results  for  the  borehole 
samples  screened  on-site  are  shown  on  cross-sections  B-B',  C-C,  and  D-D'  (Figures  7-3,  7-4, 
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and  7-5).  The  on-site  GC  results  are  also  presented  in  Appendix  G-1. 

In  general,  soil  contamination  was  detected  in  each  borehole  within  the  bum  pit  area  from  0  to  7  ft. 
BLS.  However,  boreholes  F3B-12  and  F3B-14  showed  evidence  of  soil  contamination  to  41.5  and 
36.5  ft.  BLS,  respectively.  None  of  the  five  compounds  screened  on-site  were  detected  in  the 
borehole  (F3B-15)  drilled  adjacent  to  the  fuel  storage  area. 

All  soil  samples  collected  at  Site  4  -  Fire  Training  Area  No.  3  during  the  RI  Part  2  that  were  sent  to 
the  laboratory  (NET  Pacific)  were  analyzed  for  VOCs,  SVOCs,  and  lead.  The  locations  of  the 
borehole  soil  samples  sent  to  the  laboratory  are  also  shown  on  cross-sections  B-B',  C-C,  and  D-D' 
(Figures  7-3,  7-4,  and  7-5).  The  laboratory  results  for  RI  Part  2  are  summarized  in  Table  7-3b. 

The  results  from  the  laboratory  analysis  of  borehole  soil  samples  taken  during  the  RI  Part  2  at  Site 

4  also  show  that  the  soils  below  the  bum  area  are  contaminated.  VOC  results  indicate  the  presence 
of  ethylbenzene,  xylene,  and  methylene  chloride  in  six  of  the  ten  soil  samples  analyzed  in  the 
laboratory  for  VOCs.  The  following  ranges  for  ethylbenzene  (ND  -  1100  pg/kg),  xylene  (ND  - 
170,000  pg/kg),  and  methylene  chloride  (ND  -  590  pg/kg)  were  detected  in  soil  samples  from 
boreholes  (F3B-9,  11,  12,  and  14)  drilled  within  the  bum  area  (Figure  7-1).  No  VOC  compounds 
were  detected  in  the  borehole  drilled  adjacent  to  the  fuel  storage  area  (outside  the  bum  area).  VOC 
TICs  were  also  detected  in  six  soil  samples  from  the  bum  area  with  concentrations  ranging  from 

162.500  to  949,000  pg/kg. 

5  VOC  results  indicate  the  presence  of  naphthalene,  2-methylnaphthalene,  and  phenanthrene  in  six  of 
ten  soil  samples  analyzed  in  the  laboratory  for  SVOCs.  The  following  ranges  for  naphthalene  (ND  - 

2.500  pg/kg),  2-methylnaphthalene  (ND  -  6,700  pg/kg),  and  phenanthrene  (ND  -  510  pg/kg)  were 
detected  in  soil  samples  from  boreholes  (F3B-9,  11,  12,  and  14)  drilled  within  the  bum  area.  No 
identifiable  SVOC  compounds  were  detected  in  F3B-15.  SVOC  TICs  were  detected  in  nine  soil 
samples  with  concentrations  ranging  from  140  to  258,600  pg/kg. 

Lead  concentrations  for  the  18  soil  samples  sent  to  the  laboratory  ranged  from  5.0  to  22.1  mg/kg. 
The  median  lead  concentration  (10.03  mg/kg)  is  the  same  as  the  95%  Cl  of  background  (10  mg/kg) 
established  at  the  base  during  the  RI  Part  1. 

7.4.3  Monitoring  Well  Borehole  Soil  Sample  Results 

Soil  samples  were  collected  in  three  monitoring  well  boreholes  (F3W-3,  F3W-4,  and  F3W-5)  during 
the  RI  Part  1  at  Site  4.  The  objective  of  the  soil  sampling  in  monitoring  wells  was  to  provide 
information  about  possible  contamination  existing  in  the  soils  and  possible  contaminant  migration 
deeper  into  the  alluvial  or  Denver  Aquifers.  Figure  7-1  shows  the  locations  of  these  monitoring  wells. 

Table  7-3a  summarizes  the  analytical  results  for  monitoring  well  soil  samples  taken  during  the  RI  Part 
1  at  Site  4.  Methylene  chloride  was  detected  in  one  well  borehole  soil  sample,  but  it  is  considered 
a  laboratory  contaminant  and  is  not  indicative  of  contamination  at  this  location.  Acetone  was 
detected  in  one  well  borehole  soil  sample  (F3W-4)  from  0  to  2  ft  BLS  but  because  it  was  present  in 
field  QA/QC  samples,  it  is  not  considered  an  environmental  contaminant  at  this  site.  Ethyl  benzene 
(7.96  pg/kg)  and  total  xylenes  (16.9  pg/kg)  were  detected  in  the  soil  sample  from  8  to  10  ft  BLS 
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Table  7— 3B.  Summary  of  loorganic  and  Organic  Compounds  Detected  in  Soil  Samples  at  Site  4  -  Fire  Training  Area  No. 
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jfrom  F3W-4.  Deeper  samples  from  the  same  well  borehole  indicate  decreasing  concentrations  until 
the  sample  at  44  to  46  ft  BLS  where  no  volatile  organic  compounds  were  detected.  No  other  volatile 
organic  compounds,  and  no  semivolatile  organic  compounds  were  detected  in  well  borehole  soils  at 
Site  4.  Lead  was  detected  in  the  soils,  but  was  below  the  95%  Cl  for  the  background  or  was  below 
the  expected  natural  range.  These  data  indicate  that  the  contaminants  are  spreading  vertically  from 
the  fire  pit  to  approximately  40  ft  BLS. 

During  the  RI  Part  2  at  Site  4,  soil  samples  were  collected  at  5-ft.  intervals  from  the  three  new 
monitoring  well  boreholes  (F3W-8,  10,  and  13)  drilled  downgradient  of  the  bum  pit  area.  Each 
sample  was  screened  on-site  by  ECS  with  a  Shimadzu  8A  GC  for  toluene,  ethylbenzene,  xylene, 
methylene  chloride  and  TCE.  Figure  7-1  shows  the  locations  of  the  three  new  monitoring  well 
boreholes. 

No  trends  in  contaminant  concentrations  were  observed  from  the  on-site  GC  screening  of  monitoring 
well  borehole  soil  samples.  The  results  for  on-site  screening  showed  only  minor  concentrations  of 
xylene  (14  pg/kg)  detected  in  F3W-10  from  31.0  to  31.5  ft.  BLS  and  TCE  (17  pg/kg)  detected  in 
F3W-13  from  46.5  to  47.0  ft.  BLS.  None  of  the  five  organic  compounds  screened  on-site  were 
detected  in  any  of  the  other  monitoring  well  borehole  soil  samples.  The  results  for  monitoring  well 
borehole  soil  samples  screened  on-site  are  shown  on  cross-sections  B-B',  C-C,  and  D-D'  (Figures  7- 
3,  7-4,  and  7-5).  The  on-site  GC  results  are  also  presented  in  Appendix  G-1.  Because  of  the  use  of 
on-site  GC  screening  no  monitoring  well  borehole  soil  samples  were  sent  to  NET  Pacific  for  in-depth 
analysis  during  the  RI  Part  2. 

7.4.4  Groundwater  Sample  Results 

Groundwater  samples  were  collected  from  the  three  monitoring  wells  installed  during  the  RI  Part  1 . 
All  three  wells  were  installed  with  screened  intervals  in  the  Denver  Aquifer.  The  objective  of  the 
groundwater  sampling  was  to  determine  if  the  groimdwater  under  Site  4  has  been  contaminated  from 
Fire  Training  Area  No.  3. 

Table  7-4a  summarizes  the  analytes  detected  in  groundwater  during  the  RI  Part  1  at  Site  4.  No 
volatile  or  semivolatile  organic  compounds  were  detected  in  the  groundwater  samples.  No  lead  was 
detected  in  the  groundwater  samples.  Results  from  cation  analysis  show  magnesium  exceeding  State 
of  Colorado  drinking  water  standards,  but  within  concentration  ranges  expected  for  the  Denver 
Aquifer  near  the  Base  (Hillier  et  al.  1983).  Calculated  hardness  is  higher  than  background,  but 
concentrations  are  comparable  with  other  groundwater  samples  collected  during  the  RI  and  other 
wells  in  the  Denver  Aquifer  near  the  Base.  Nitrate  concentrations  in  groundwater  from  F3W-3 
exceed  the  State  of  Colorado  standard  (Colorado  Department  of  Health  1971),  and  are  outside 
expected  concentration  ranges  for  the  Denver  Aquifer  in  this  area  (Hillier  et  al.  1983).  No  cause  was 
determined  for  high  nitrate  concentrations,  but  the  well  F3W-3  located  upgradient  of  other  wells 
show  high  concentrations  of  nitrate.  Sulfate  concentrations  exceeded  State  of  Colorado  standards 
in  all  wells  at  Site  4,  but  were  below  expected  concentration  ranges  in  this  area  (Hillier  et  al.  1983). 
High  concentrations  of  these  analytes  are  possibly  caused  by  the  high  amount  of  suspended  solids  in 
the  samples. 
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LEGEND 

ND-  Not  Detected 


Specific  conductivity  and  pH  were  measured  for  each  groundwater  sample  during  the  RI  Part  1 .  The 
measured  specific  conductivities  varied  between  1580  and  2230  pS/cm,  which  may  be  caused,  in  part, 
by  dissolution  of  suspended  solids  in  the  sample.  The  measured  pH  varied  between  6.74  to  7.10. 

During  the  RI  Part  2  groundwater  samples  were  collected  from  three  existing  wells  (F3W-3,  F3W-4 
and  F3W-5)  and  three  newly  installed  wells  (F3W-8,  F3W-10,  and  F3W-13)  at  Site  4.  These 
additional  wells  were  installed  to  determine  the  potential  for  contaminant  migration  in  the 
groundwater  downgradient  of  the  source  area.  Monitoring  wells  installed  at  Site  4  during  the  RI  Part 
1  investigation  were  not  located  directly  downgradient  of  the  source  area  (bum  pit).  Figure  7-1 
shows  the  locations  of  all  the  groundwater  monitoring  wells  at  Site  4. 

All  groundwater  samples  collected  at  Site  4  -  Fire  Training  Area  No.  3,  during  the  RI  Part  2  were 
analyzed  in  the  laboratory  (NET  Pacific)  for  VOCs,  SVOCs,  and  lead.  Table  7-4b  summarizes  the 
results  from  the  groundwater  samples  collected  at  Site  4  during  the  RI  Part  2. 

VOC  results  indicate  the  presence  of  benzene  (1  pg/L)  and  xylene  (2  pg/L)  in  monitoring  well  F3W- 
8.  Similar  concentrations  (benzene,  2  pg/L  and  xylene,  4  pg/L)  were  also  detected  in  the  duplicate 
sample  from  F3W-8.  However,  all  of  these  concentrations  are  considered  estimated  values.  The 
mass  spectral  data  indicate  the  presence  of  compounds  that  meet  the  identification  criteria  for  benzene 
and  xylene  but  the  result  is  less  than  the  sample  quantitation  limit  and  greater  than  zero.  In  addition 
these  concentrations  for  benzene  are  well  below  the  MCL  (5  pg/L).  One  VOC  TIC  (23  pg/L)  was 
detected  in  the  groundwater  sample  fi’om  F3W-5.  No  other  VOC  compounds  were  detected  in  the 
groundwater  samples  during  the  RI  Part  2  at  Site  4. 

Identifiable  SVOCs  were  not  detected  in  any  of  the  Site  4  groundwater  samples  submitted  to  the 
laboratory  with  the  exception  of  SVOC  TICs.  SVOC  TICs  were  detected  in  each  groundwater 
sample  with  concentrations  ranging  from  14  to  58  pg/L. 

Lead  was  detected  in  F3W-13  with  a  concentration  of  1 14  pg/L  while  lead  concentrations  in  the  other 
five  wells  at  Site  4  ranged  from  3.3  to  19.6  pg/L.  Since  groundwater  samples  were  not  filtered  this 
apparently  elevated  concentration  of  lead  maybe  due  to  suspended  solids  (turbidity)  in  the  sample. 
Therefore,  on  1 1/6/91 F3W-13  was  purged  and  resampled  for  lead.  The  concentration  of  lead  in  the 
second  sample  F3W-13-02W  was  38.25  pg/L.  Although  this  lead  concentration  is  higher  than  the 
other  samples  from  Site  4,  it  is  below  the  MCL  for  lead  (50  pg/L). 

Specific  conductivity,  pH,  and  temperature  were  measured  for  each  groundwater  sample  from  Site 
4  during  the  RI  Part  2.  The  specific  conductivity  varied  between  1400  and  2700  pmhos/cm,  which 
may  be  caused  by  dissolution  of  suspended  solids  in  the  sample.  Sample  pH  varied  from  6.85  to  7.30 
(neutral)  while  sample  temperature  ranged  from  14.5  to  16°  C. 
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Monitoring  wolt  F3W-13  was  rssampisd  and  analyzad  lor  tsad  only 


7.5  SUMMARY  OF  FINDINGS 


The  soil-gas  survey  data  indicate  that  an  area  of  volatile  organic  compounds  exists  surrounding  the 
fire  pit  area  and  extending  towards  the  oil  sump.  Volatile  compounds  detected  were  total 
hydrocarbons,  benzene,  toluene,  and  total  xylenes. 

Volatile  and  semivolatile  organic  compounds  were  detected  in  six  soil  borings  (F3B-6,  F3B-7,  F3B-9, 
F3B-1 1,  F3B-12,  and  F3B-14)  and  one  monitoring  well  soil  boring  (F3W-4)  at  depths  up  to  46  ft. 
These  data  indicate  that  the  contaminants  are  migrating  vertically  in  the  soil  horizon.  Lead  was 
detected  in  all  soil  samples,  but  at  concentrations  well  within  the  natural  regional  background  range 
(2.0  -  200  mg/kg,  Dragun,  1988). 

Lead  was  detected  in  the  groundwater  above  the  MCL  in  one  well  (F3W-13).  However,  this  well 
was  resampled  and  the  result  was  below  the  MCL.  The  elevated  concentration  of  lead  was  probably 
due  to  suspended  solids  in  the  sample.  Nitrate  was  detected  at  concentrations  above  MCLs  and  the 
expected  range  in  one  well  (F3W-4).  The  occurrence  of  high  nitrate  appears  to  be  anomalous, 
because  the  well  was  upgradient  fi'om  other  wells  at  the  site.  Nitrate  was  not  detected  at  high 
concentrations  in  other  wells  at  the  site. 

7.6  RISK  ASSESSMENT  RESULTS 

7.6. 1  Groundwater  Consumption  Risks 

The  evaluation  of  groundwater  consumption  risks  is  based  on  data  derived  during  RI  Parts  1  and  2. 
In  order  to  examine  the  magnitude  of  this  contamination  a  summary  table.  Table  7-5,  has  been 
prepared  showing  mean  and  maximum  levels  of  inorganic  toxicants  in  groundwater  at  Site  4.  For 
comparison,  the  applicable  or  relevant  and  appropriate  requirements  (ARAR;  i.e.,  federal  and  state 
water-quality  criteria  and  standards)  are  included.  Since  the  presence  of  organic  substances  during 
RI  Part  2  is  questionable  (see  Section  7.4.4),  there  are  no  ARAR  tables  for  that  type  of  contaminant. 
As  specified  in  the  Superfund  Amendments  and  Reauthorization  Act  of  1986  (SARA),  on-site 
remedial  actions  are  required  to  attain  ARARs  unless  such  requirements  are  formally  waived. 

Referring  to  Table  7-5,  it  can  be  observed  that  the  reported  levels  of  nitrate  and  sulfate  exceed  ARAR 
levels  or  TBC  guidelines.  The  TBC  guideline  for  sulfate  is  an  SMCL  that  is  not  enforceable  and  is 
set  based  on  secondary  (non-health-related)  criteria.  The  high  nitrate  level  only  occurs  in  well  F3W-3 
which  is  hydraulically  upgradient  from  the  bermed  fire  pit  area  (see  Section  7.4.4).  The  reported 
concentrations  of  nitrite  does  not  exceed  the  ARAR  level.  There  are  no  ARAR  levels  or  TBC 
guidelines  fi)r  calcium,  chloride,  magnesium,  phosphorous,  potassium,  and  sodium.  Since  all  detected 
quantities  of  organic  and  inorganic  compounds  are  below  ARAR  levels  or  TBC  guidelines,  or  there 
is  a  reasonable  explanation  (not  related  to  hazardous  material  disposal  or  handling  practices)  for  the 
occurrence  of  elevated  levels  -  a  risk  characterization  was  not  conducted  for  the 
groundwater-consumption  pathway. 
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TABLE  7-5.  ARARs  FOR  INORGANIC  CHEMICALS  FROM  SITE  4  GROUNDWATER  AT  THE  BUCKLEY  ANGB 


II 


3 


c 

o  o 


C  o  o! 

O  ^ 


f  • 


T3  ^ 


R  J 


II 

<55 


2  *2  5  dl 

rr  "o  > 

£  O) 

S  I  =  >.| 
<  5  •§  O 

O 


fill 

1*0 
O  2 


iL 

I  ill 

O 


§  I  ? 

I  if 


I 


O  0) 

*c  2 
o>  to 

S  U 


S 

o 


o 

s 


3  3 
o  o 
o  o 
9.  9 
o’ 


§ 

o“ 


o 

o 

o 

i 


^  O  O  Q 

fg  8  ® 
s  -  a  5 

C9 


o  o  o  o 
CM  o  o  o 

(D  CO  O  O 

~  s  s 

CM  O 


CO 

CM 

CM 


O 

CM  CO  U) 

t  g 


e  Sc 

5  -i  lie 

1  gSoagl® 

6-§|S-=§S|:2 

O^SzzEclSco 


•o 

ll 


<  Q 

CC  £ 

<  o 


5  2  ts 

<  (d  3 

5  I's 
5  I  I 
III 

■s  s 
I  I  5 
»  ^  g 
iSs 

^  £  O 
o  o  s 
£  £ 


£  tS 
(0  0) 


O  c 

(U  CO 

0} 


§  5 

I  = 
i  I 
I  ^ 

I  1 


£ 


U  CO 
V  v 

It 


«  -II  s 


®  3 
1  ^ 

|i 

I 

X  ® 

a  ^ 

?  S 

“  O 


§  I 

|1 

I 

%  £ 
®  U 
^  2 
-I  3= 
O  0) 

II 

|i 

>  o 
g  ^ 
S  S 


3 

e  “ 

I  £ 
!  i 
i  ? 

5  .§ 


_  •o 
<  .E 


a 

® 

I 

E 

3 

E 

1 

£ 

® 

X 

c 

« 

c 

s 

E 

® 


«  ■  .2  *c  c 

F  ^  E  o 


0}  0) 
d  d  o  d 
«  g 

^  c 

i  1 


a  « 

1  § 

O  O 
E  E 

3  3 

E  E 

S  S 

2  2 


g  g 

O  « 

il 
‘i  I 

5  2 

I'  ® 
?  .i 
s  ® 
i5i  g 


o  c  _ 

C  .2  .? 

®  %  X 

5  -S  a 

»  B  2 
.2  §  o 

8  §  « 
'5  " 

5  O  5 

I  I  ^ 

S  £  *5 
X  -q  2 

£ 

S  S  '5 

I  °  ® 

I  S  I 

°  i  I 

Q  CC  C 
O  C  2 

•q  cj  ,E 
£  Q 


a 

E 


5 

CM 

8 

B 

■o 

2 


•§ 

® 


II 

qa  B 
^  c 
o  o 
>» 

2  S 

g 

II  . 
®  = 
•q  ® 

<  s  ^ 

f  S  .2 

I  M 
?  §■  i 

£  E  Q. 

5  8® 
>  ®  O 
q)  c  ^ 
c  o  B 

S  ®  2 

c  «  r 
•c  .E  5 
O  CO  ^ 


.£,£^2-2.2-33  3 


1 

'S 

•q 

c 

® 


7-30 


7.6.2  Soil  Exposure  Risks 


Table  7-6  presents  the  results  of  the  risk  assessment  for  Site  4  soils.  The  table  first  provides  a 
summary  of  mean  levels  of  chemical  contaminants  observed  in  soils  and  sediments  at  the  site  under 
investigation.  Based  on  these  mean  values,  estimates  of  chronic  dose  are  developed.  The  second 
column  presents  the  ha2ard  index  for  noncarcinogenic  effects  which  were  calculated  taking  into 
account  the  calculated  dose.  The  third  column  describes  the  target  organs  for  potential 
noncarcinogenic  effects.  The  fourth  column  presents  the  measure  of  excess  lifetime  probability  of 
cancer.  Risk  estimates  are  provided  separately  for  exposure  to  each  chemical  and  then  for  combined 
exposure  across  all  chemicals  for  a  given  site. 

Derivation  of  cancer  risks  are  based  on  estimates  of  the  "reasonable  maximum  exposure"  (as  defined 
in  the  revised  National  Contingency  Plan  53  FR  51394)  to  receptors  at  potential  risk.  These  estimates 
are  measures  of  hypothetical  risk  to  a  maximally  exposed  individual. 

The  results  of  the  risk  assessment  must  be  interpreted  in  the  context  of  these  exposure 
assumptions/scenarios.  Much  of  the  uncertainty  in  the  results  may  be  attributed  to  the  assumptions 
established  as  the  basis  of  the  exposure  assessment. 

As  shown  in  Table  7-6,  none  of  the  hazard  quotients  for  any  subject  chemical  exceed  1.0.  In  addition, 
the  hazard  index  for  combined  exposure  across  chemicals  is  also  less  than  1.0.  No  adverse 
noncarcinogenic  effects  would  therefore  be  anticipated  following  chronic  exposure  to  compounds 
soils  or  sediments  for  Base  personnel,  or  for  children  hypothetically  exposed  offsite.  Only  two 
potentially  carcinogenic  chemicals  were  detected  in  soils  under  evaluation.  Looking  again  at  the 
summary  table,  it  can  be  seen  that  the  excess  lifetime  risk  of  cancer  does  not  exceed  4x10-*.  Based 
on  EPA  guidelines  under  CERCLA/SARA,  and  given  the  very  conservative  exposure  assumptions 
used  in  the  assessment,  this  risk  level  would  be  considered  to  fall  within  the  acceptable  range. 

7.7  CONCLUSIONS  AND  RECOMMENDATIONS 

Evaluation  of  the  RI  data  collected  at  Site  4  confirmed  the  subsurface  soil  contamination  detected 
during  the  SI.  The  soil-gas  survey  revealed  a  170  ft  by  260  ft  area  of  contamination,  consisting 
principally  of  petroleum  hydrocarbons.  The  center  of  this  contamination  is  located  within  the  bum 
pit  area  and  extends  southward  in  the  direction  of  the  waste  fuel  storage  area.  Measured  volatile 
soil-gas  contamination  consists  primarily  of  benzene,  toluene,  and  xylene,  which  are  components  of 
fuel  burned  at  the  pit.  Only  limited  levels  of  chlorinated  organic  solvents,  TCE  and  PCE,  were 
detected.  The  area  of  soil  contamination  within  the  bum  area  was  further  defined  by  five  soil  borings. 
All  five  soil  borings  drilled  within  the  bum  area  showed  high  levels  of  volatile  and  semivolatile 
contamination  at  the  surface  which  decreased  with  depth.  Results  from  the  laboratory  analysis  of 
borehole  soil  samples  showed  that  soil  contamination  extended  to  22.0  ft  BLS  in  F3B-12.  However, 
the  on-site  GC  results  showed  that  soil  contamination  had  extended  to  41.5  and  36.5  ft  BLS  in  F3B- 
12  and  F3B-14,  respectively.  Analysis  of  samples  from  soil  borings  outside  the  bum  area  (F3B-7  and 
F3B-15)  showed  low  levels  of  petroleum  hydrocarbon  contamination  present  only  to  a  depth  of  2  ft 
(F3B-7). 
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Table  7-6.  Risk  Characterization  for  Site  4:  Soil  Exposure 


Excess  Lifetime 

Noncarcin. 

Individual 

Mean  Levels  in 

Effects:  (b) 

Noncarcinogenic 

Carcinogenic 

Soil  (a) 

Hazard  Index 

Effect  of 

Risk 

COMPOUND 

(ug/L) 

(Dose/RfD) 

Concern 

(Dosexql*) 

INORGANICS 

Arsenic 

Beryllium 

Cadmium 

Chromium 

Copper 

Lead 

Mercury 

Nickel 

Phosphorous 

Selenium 

Silver 

Thallium 

Zinc 

10.08 

6E-03 

CNS.  Kidney 

ORGANICS 

Acenaphthylene 

0.27 

3.9E-06 

Skin 

Acetone 

0.12 

1.0E-06 

Liver,  Kidney 

Anthracene 

0,32 

9.2E-07 

Skin 

Ethylbenzene 

0.09 

8.1E-07 

Skin,  Liver,  Kidney 

Fluorene 

2-Hexane 

0.29 

6.2E-06 

Methylene  Chloride 

0.76 

1.1E-06 

Liver 

4.0E-10 

2-Methylnaphthalene 

1.02 

Data  Inadequate  for  Quantitative  Risk  Assessment 

Naphthalene 

0.58 

1.2E-04 

Eye,  Blood 

Nitrobenzene 

0.29 

5.1E-04 

Blood 

N-Nitrosodiphenylamine 

0.20 

7.0E-07 

Phenanthrene 

0.30 

Data  Inadequate  for  Quantitative  Risk  Assessment 

1 .1 ,2,2-Tetrachloroethane 

Tetrachloroethylene 

Toluene 

1.1.1- Trichloroethane 

1.1.2- Trichloroethane 
Trichloroethylene 

Xylenes 

13.87 

1.2E-03 

CNS 

Hazard  Index;  Combined  Exposure 

7.8E-03 

Excess  Lifetime  Cancer  Risk:  Combined  Exposure 

7.0E-07 

a.  Mean  based  on  41  lead  analyses,  34  VOC  analyses,  and  18  semi-VOC  analyses.  Mean  concentrations 
were  determined  treating  ''not  detected"  results  as  if  the  chemical  was  present  at  half  the  detection  limit 

b.  Dose  calculated  assuming  ingestion  exposure  to  contaminated  surface  soil  on-site.  Exposure  assumptions: 
inadvertent  ingestion  of  0.1  grams  of  soil/day,  by  Base  personnel:  70  kg  adult  exposed  2  days  per  week, 
every  week.  1 1  months  per  year,  (1  month  period  of  no  snow  cover),  20  years  of  a  70  year  lifetime. 
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Deeper  samples  within  both  borings  showed  no  site-related  contamination.  The  monitoring  well 
borehole  (F3W-4)  installed  adjacent  to  the  bum  pit  showed  minor  levels  of  petroleum  related 
contamination  to  a  depth  of  40  ft.  Other  monitoring  well  borehole  samples  showed  no  evidence  of 
any  site-related  contamination. 

Very  limited  site  contamination  was  detected  in  the  groundwater  at  the  site.  Estimated 
concentrations  (below  the  sample  quantitation  limit  but  greater  than  zero)  were  detected  in  F3W-8. 
Other  inorganic  compounds  were  detected,  but  were  at  levels  consistent  with  naturally  occurring 
background  levels. 

The  results  of  the  five  soil  borings  drilled  within  the  bum  area  clearly  show  that  soil  contamination 
is  present  to  22.0  ft  BLS.  A  baseline  public  health  evaluation  indicates  that  there  is  no  significant 
carcinogenic  or  noncarcinogenic  risk  associated  with  the  soil  contamination  at  the  site.  However,  it 
must  be  realized  that  the  mean  levels  of  the  contaminants  used  in  the  risk  calculation  also  include 
those  soil  samples  taken  from  outside  the  bum  area  (F3B-7  and  F3B-15).  Therefore,  a  nontime- 
critical  source  removal  action  for  the  soil  within  the  bum  pit  is  recommended  for  Site  4. 
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8.0  SITE  5  -  DRAINAGE  DITCH 


This  section  provides  information  specifically  pertaining  to  Site  5.  This  includes  past  investigation 
activities,  RI  objectives  and  activities  performed,  the  results  and  significance  of  RI  findings,  risk 
assessment  results,  and  conclusions  and  recommendations.  Background  information  of  past  activities 
is  provided  in  Sections  8. 1  and  8.2.  A  complete  description  of  activities  and  results  of  IRP  Phase  11, 
Stage  1,  Part  1  are  presented  in  "Installation  Restoration  Program,  Phase 
n-Confirmation/Quantification  Stage  1,  Buckley  Air  National  Guard  Base"  (Dames  &  Moore  1986). 

8. 1  SITE  DESCRIPTION  AND  PREVIOUS  WORK 

The  purpose  of  the  Installation  Restoration  Program  (IRP)  Phase  I  (preliminary  assessment)  was  to 
identify  the  type  and  location  of  past  waste  disposal  practices  at  Buckley  ANGB  and  to  assess 
potential  for  contaminant  presence  and  migration.  This  phase  consisted  primarily  of  interviews  and 
record  review.  The  purpose  of  this  phase  was  to  determine  the  uses  of  all  associated  buildings  and 
areas  around  this  ditch. 

The  Storm  Drainage  System,  which  serves  the  aircraft  apron  and  associated  hangers  and  buildings, 
consists  of  a  ^stem  of  pipes,  culverts,  and  open  ditches.  The  drainage  system  is  discharged  to  East 
Tollgate  Creek.  Between  1942  and  1982,  aircraft  were  washed  and  painted  on  the  apron  south  of 
Building  801.  The  apron  was  washed  with  water  that  either  infiltrated  or  flowed  off  northeastward 
to  a  drainage  ditch,  which  in  turn  flowed  off-base.  Fuels,  cleaning  compounds,  ethylene  glycol, 
paints,  and  strippers  were  used  in  this  area  (Simons,  Li,  &  Associates,  Inc.  1982).  Later  inspection 
of  topographic  maps  indicated  that  surface  water  flow  is  toward  the  southwest  not  the  northeast. 
Therefore,  the  focus  of  the  RI  study  centered  around  the  soils  to  the  southwest  of  the  aircraft  parking 
apron  and  not  the  drainage  ditch  which  runs  north  of  the  site. 

IRP  Phase  n,  Stage  1,  Part  1,  Confirmation/Quantiflcation  (Site  Inspection) 

Field  investigations  were  conducted  at  Site  5.  Activities  included  drilling,  sampling,  and  logging  of 
three  soil  borings.  Chemical  analyses  of  soil  samples  was  performed. 

Chemical  analyses  of  soils  from  this  site  (see  Table  8-1)  indicated  that  no  contamination  was  present. 
The  previous  SI  studies  did  not  determine  background  soil  contaminant  concentrations,  or  confirm 
the  presence  of  contaminants  at  the  site.  Information  needed  to  complete  data  gaps  includes  soil  and 
surface  water  characterization  and  accurate  definition  of  the  limits  and  features  of  the  storm  drainage 
system.  Recommendations  for  fiirther  investigation  included  installing  one  downgradient  well  at  the 
Storm  Drainage  System  (Site  5). 
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TABLE  8-1.  ANALYTICAL  RESULTS  FOR  SITE  5  -  STORM  DRAINAGE  SYSTEM 
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8.2  REMEDIAL  INVESTIGATION  ACTIVITIES 


Remedial  investigation  activities  were  based  upon  findings  of  the  Preliminary  Assessment  (Phase  I 
Records  Search)  and  two  earlier  investigations  (Phase  II  Stage  1,  Parts  1  and 
2-Confirmation/Quantification).  Objectives  of  the  RI  were  to: 

•  Determine  if  contamination  of  the  various  environmental  media  at  Site  5  is  present 

•  Identify  the  source(s)  and  nature  of  any  contamination  present 

•  Determine  the  extent,  magnitude,  and  movement  of  any  contamination  present 

•  Assess  the  risk  any  present  contamination  pose  to  public  health,  thereby  determining 
the  need  for  remedial  actions. 


RI  Part  1  activities  performed  at  Site  5-Storm  Drainage  System,  included  collecting  six  sediment 
samples  southwest  of  the  aircraft  parking  apron. 

Locations  of  field  activities  for  Site  5  are  shown  in  Figure  8-1.  A  listing  of  sampling  parameters  is 
presented  in  Table  8-2.  No  additional  field  work  was  performed  during  the  RI  Part  2  at  Site  5. 

8.3  SITE  HYDROGEOLOGY 

No  drilling  activities  were  performed  at  this  site  but  the  hydrogeologic  conditions  at  the  site  can  be 
generally  hypothesized  based  upon  findings  at  other  sites.  The  sediments  underlying  the  site  are 
probably  similar  to  those  found  at  nearby  Site  4-Fire  Training  Area  No.  3,  consisting  of  a  thin  surficial 
layer  of  loess  underlain  by  relatively  thick  eolian  and  Denver  Formation  sand  and  small  gravel 
deposits.  The  water  level  is  probably  40  to  50  ft  BLS  with  a  small  (~0.001  range)  hydraulic  gradient 
in  the  westerly  to  northwesterly  direction. 

8.4  RESULTS  AND  SIGNIFICANCE  OF  FINDINGS 
8.4. 1  Surficial  Sediment  Sample  Results 

Sk  surficial  sediments  were  sampled  during  the  RI  Part  1  at  Site  5.  The  objective  of  sampling  these 
sediments  was  to  determine  if  contaminated  paints,  solvents,  or  other  chemical  compounds  washed 
into  the  drainage  system  from  the  aircraft  apron.  The  sampling  locations  are  shown  in  Figure  8-1. 

Table  8-3  summarizes  the  analysis  results.  Methylene  chloride  was  detected  in  five  of  the  samples, 
but  this  compound  is  considered  a  laboratory  contaminant  and  not  indicative  of  environmental 
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Buckley  Field,  Aurora,  Colorado 
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Table.  8-3  suhhARY  Of  INORGANIC  AND  ORGANIC  COMPOUNDS  DETECTED  IN  SEDIMENT  SAMPLES  AT  SITE  5-  STORM 
DRAINAGE  SYSTEM,  COLORADO  AIR  NATIONAL  GUARD,  BUCKLEY  FIELD,  AURORA,  COLORADO 


(A  O  •  *  t/i 

O  O  GB  ca  o 

M  ^  U.  C/> 

it  a  2 

o  ■  % 

O  il 

i  g 

v>  < 


CO  00  * 

(O  u  •  •  c/> 

o  a  00  CD  o 

*-  Ik  C/) 

4k  S  *0 

«  •  % 

li  = 

< 


^  00  00  ^ 
CA  U  •  •  (A 

a  5  s  £  g 

4fc  o  2 

«  •  % 

0.  8  - 


%  o 

00  00  • 

4A  CJ  •  «  CA 

Q  O  00  00  Q 

M  ^  U.  M 

4k  S  2 

€»  > 

U  8  -j: 

I  g 

CA  < 


CA  O  *?  *?  CA 

a  ?  s  s  a 

4k  S  2 

«  •  To 

Q.  8  ;r 

I  g 

CA  < 


OM  Kl 

00  00  • 
CA  O  •  •  CA 

a  ^  e  £  a 

4k  S  2 

«i  .  U 

|§  = 

CA  < 


00  00  * 
CA  U  •  «  CA 

a  ^  s  £  a 

4k  S  *0 

«  •  "S 


11 


8  : 


CA  ^ 

2  g 

<  UJ 

ae  ec 

< 

C9 


1  = 


CA 

CA  -I 

2  g 

<  UJ 

z  or 

< 


§2 


oe 

CA 


2  g 

<  UJ 

z  ac 

s 

ii 


g  £ 

CL  -i 


CA 


00  00  00 
tn  tn 


00  OO  00 


hx  l/> 
•“  O  00 

tA  ^  Ch 
lA  xf  fU 
w-  -"O 


00  00  00 
in  tn  lA 


lA  lA  lA 


3 


8  g  S 

0.4 


sag 


in  lA 

fZ  S  ^ 

>0  00 

AJ  AJ  (M 

K>  ro  m 
in  in  lA 


5  5  5 


O 

xO* 

ll 

I  £  S  I 

CA  S  S  >L 

u  9  ^  X 

ae  ^  w 

SJ=  >.  CD 
4^  f  4^ 

go  4rf  O 

ac  UJ  ^ 


N.  ^  AJ 
•  lA  • 

o  ^ 


lA  fk  lA 

^  ^  n« 


^  ^  V- 

•  lA  • 
^  O  ^ 


lA  lA  •- 
•  lA  • 

o  - 


^  00  ^  lA 
od  ^  ^  ^ 


»0  lA  x*> 

n! 


Al  K)  lA  AJ 


lA 

•  lA  • 

xt  .  ^ 


^  X^  tO  AJ 

.  .  CM 

xO  x» 


*  g  f  g 


< 

H- 

o 


CA  — 

s  S 


i  S  S 


S 

g 


I 

a 

u 

k 

CD 

g 


•8 

8 


g 


« 


8-6 


contamination.  Total  xylenes  (8.13  ng/kg)  were  detected  in  SDS-2.  Ethyl  benzene  (141  jig/kg)  and 
total  xylenes  (4630  gg/kg)  were  detected  in  SDS-5.  No  other  volatile  organic  compounds  were 
detected  in  surficial  soils  at  Site  5.  Lead  was  detected  above  the  95%  Cl  of  background  in  four 
sediment  samples.  Lead  was  seven  times  the  95%  Cl  of  background,  which  may  correspond  with  the 
higher  concentrations  of  fuel-related  volatile  organic  compounds  found  in  this  sample.  No  other 
metals  were  detected  at  levels  exceeding  the  95%  Cl  of  the  background  measurements,  and  all  metals 
(including  lead)  were  within  the  expected  natural  ranges. 

8.5  SUMMARY  OF  FINDINGS 

Volatile  organic  compounds  were  detected  at  two  sampling  locations  (SDS-2,  SDS-5),  and  may  be 
associated  with  runoff  flowing  off  the  parking  apron.  Lead  was  detected  in  four  sampling  locations 
above  the  95%  confidence  interval  of  local  background  samples  and  expected  concentration  ranges 
for  soils.  However,  all  lead  concentrations  were  within  expected  natural  background  ranges  for  soils. 

8.6  RISK  ASSESSMENT  RESULTS 
8.6. 1  Soil  and  Sediment  Exposure  Risks 

Table  8-4  presents  the  results  of  the  risk  assessment  for  Site  5  sediments.  The  table  first  provides  a 
summary  of  mean  levels  of  chemical  contaminants  observed  in  sediments  at  the  site  under 
investigation.  Based  on  these  mean  values,  estimates  of  chronic  dose  are  developed.  The  second 
colunm  presents  the  hazard  index  for  noncarcinogenic  effects  which  was  calculated  taking  into 
account  the  calculated  dose.  The  third  column  describes  the  target  organs  for  potential 
noncarcinogenic  effects.  The  fourth  column  presents  the  measure  of  excess  lifetime  probability  of 
cancer.  Risk  estimates  are  prowded  separately  for  exposure  to  each  chemical  and  then  for  combined 
exposure  across  all  chemicals  for  a  given  site. 

Derivation  of  cancer  risks  are  based  on  estimates  of  the  "reasonable  maximum  exposure"  (as  defined 
in  the  revised  National  Contingency  Plan  53  FR  51394)  to  receptors  at  potential  risk.  These  estimates 
are  measures  of  hypothetical  risk  to  a  maximally  exposed  individual. 

The  results  of  the  risk  assessment  must  be  interpreted  in  the  context  of  these  exposure 
assumptions/scenarios.  Much  of  the  uncertainty  in  the  results  may  be  attributed  to  the  assumptions 
established  as  the  basis  of  the  exposure  assessment. 

As  shown  in  Table  8-4,  the  hazard  indices  for  any  subject  chemical  does  not  exceed  1.0.  In  addition, 
the  hazard  indices  for  combined  exposure  across  chemicals  is  also  less  than  1.0.  No  adverse 
noncarcinogenic  effects  would  therefore  be  anticipated  following  chronic  exposure  to  compounds  in 
the  Site  5  sediments  for  Base  personnel,  or  for  children  hypothetically  exposed  offsite.  No  potentially 
carcinogenic  chemicals  were  detected  in  the  sediments  under  evaluation. 
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Table.  8-4  _  CHARACTERIZATION  FOR  SITE  5:  EXPOSURE  TO  SEDIMENTS 


COMPOUND 

Mean 

Concentration 
in  Sediment  (a) 
(mg/kg) 

Noncarcin. 
Effects;  (b) 
Hazard  Index 
(Dose/RfO) 

Noncarcinogenic 
Effect  of 
Concern 

Excess  Lifetime 

Individual 

Carcinogenic 

Risk 

(Dose  x  q1*) 

INORGANICS 

Arsenic 

Beryllium 

Cadmiun 

Chromium 

15.00 

2.94E-03 

Skin 

Copper 

Lead 

25.00 

1.75E-02 

CNS,  Kidney 

Mercury 

Nickel 

Phosphorous 

Seleniun 

Si Iver 
Thalliim 

Zinc 

42.00 

2.06E-04 

Anemi a 

ORGANICS 

Ethylbenzene 

0.22 

2.16E-06 

Skin,  Liver,  Kidney 

Xylenes 

0.67 

3.26E-07  CNS 

Hazard  Index: 

Combined  Exposure 

2.07E-02 

Excess  Lifetime  Cancer  Risk:  Combined  Exposure 

a.  Mean  of  7  samples.  Mean  concentrations  were  determined  treating  »'not  detected"  results 
as  if  the  chemical  was  present  at  half  the  detection  limit. 

b.  Dcse  calculated  assuming  ingestion  exposure  to  contaminated  surface  soil  on-site. 

Exposure  assumptions;  inadvertent  ingestion  of  0.1  grams  of  soil/day,  by  Base  personnel:  70  kg  adult 
exposed  5  days  per  week,  every  week.  11  months  per  year,  (  1  month  period  of  no  snow  cover), 

20  years  of  o  70  year  lifetime. 
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8.7  CONCLUSIONS  AND  RECOMMENDATIONS 


Evaluation  of  the  RI  data  confirmed  the  SI  data  that  indicated  no  sediment  contamination  was  present 
in  the  storm  drainage  system  adjacent  to  Building  801.  Sediment  samples  taken  downstream  of  the 
aircraft  washing  area,  the  suspected  source  of  any  contamination  at  this  site,  show  no  widespread 
contamination.  Elevated  levels  of  petroleum  hydrocarbon  and  associated  lead  contamination  were 
detected  in  only  one  of  the  six  samples  collected.  Field  reconnaissance  found  no  widespread  areas 
that  appeared  to  have  been  affected  by  any  contamination.  The  one  contaminated  sample  was 
collected  in  a  small,  shallow  depression  adjacent  to  the  aircraft  parking  area.  It  represents  an 
extremely  localized  area  of  contamination.  A  baseline  public  health  evaluation  showed  no  significant 
risk  associated  with  the  contaminated  soil.  Therefore,  no  further  immediate  action  is  necessary  at  this 
site.  The  drafting  of  a  decision  document  should  await  the  sampling  of  the  alluvium  at  the  discharge 
of  the  ditch. 
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9.0  SITE  6  -  FORMER  SEWAGE  TREATMENT  PLANT 


This  section  provides  information  specifically  pertaining  to  Site  6.  This  includes  past  investigation 
activities,  RI  objectives  and  activities  performed,  the  results  and  significance  of  RI  findings,  risk 
assessment  results,  and  conclusion  and  recommendations.  Background  information  of  past  activities 
is  provided  in  Sections  9. 1  and  9.2.  Results  of  IRP  Phase  II,  Stage  1,  Part  2  activities  are  presented 
in  "Installation  Restoration  Program  Phase  II-Confirmation/Quantification  Stage  1,  Buckley  Air 
National  Guard  Base,  October  16,  1985  to  November  5,  1985"  (Dames  &  Moore  1987). 

9. 1  SITE  DESCRIPTION  AND  PREVIOUS  WORK 

The  purpose  of  the  Installation  Restoration  Program  (IRP)  Phase  I  (preliminary  assessment)  was  to 
identify  the  type  and  location  of  past  waste  disposal  practices  at  Buckley  ANGB  and  to  assess 
potential  for  contaminant  presence  and  migration.  This  phase  consisted  primarily  of  interviews  and 
record  review.  No  maps  or  drawings  of  the  site  were  found. 

The  Sewage  Treatment  Plant  was  in  operation  from  1942  to  1978  when  the  sludge  digester  roof 
collapsed  and  the  plant  was  closed.  Reportedly,  the  plant  was  subject  to  occasional  "slugs"  of 
chemical  wastes,  including  water  containing  petroleum  products,  organic  solvents,  trace  metals,  and 
pesticides  (Dames  &  Moore  1987). 

The  plant  consisted  of  bar  screens,  a  primary  clarifier,  a  trickling  filter,  a  sludge  digester,  chlorine 
contact  chambers,  and  sludge  drying  beds.  Treated  effluent  from  the  plant  was  discharged  to  Sand 
Creek.  The  sludge  drying  beds,  which  were  rarely  cleaned,  were  designed  with  a  filtrate  collection 
system;  however,  the  clay  tiles  comprising  this  system  collapsed  early  in  its  life  (Simons,  Li,  & 
Associates,  flic.  1982).  Due  to  their  permeable  bottoms,  the  trickling  filters  and  sludge  drying  beds 
presented  a  potential  route  of  contamination  via  leakage  and  infiltration  to  groundwater. 

IRP  Phase  11,  Stage  1,  Part  2,  Confirmation/Quantification  (Site  Inspections) 

Field  investigations  were  conducted  at  Site  6,  the  Sewage  Treatment  Plant.  Activities  at  the  Former 
Sewage  Treatment  Plant  included  the  installation  and  sampling  of  three  monitoring  wells  and  three 
soil  borings. 

Chemical  analyses  of  soils  and  groundwater  fi’om  this  site  (see  Table  9-1)  indicated  that 
contamination  was  present  based  on  concentrations  of  phenolics  (up  to  360  mg/kg)  in  soil  samples, 
and  trichloroethylene  (TCE;  4  pg/1),  chloroform  (2  pg/1)  and  bromodichloromethane  (1  pgA)  in 
groundwater  samples.  Again,  however,  the  analytical  results  for  lead  in  soU  samples  were 
inconclusive  due  to  matrix  effects. 

The  Site  Inspection  did  not  determine  background  contaminant  concentrations,  or  confirm  the 
presence  and  extent  of  lead  or  other  contaminants  at  this  site.  Information  needed  to  complete 
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TABLE  9-1.  ANALYTICAL  RESULTS  FOR  SITE  6  -  FORMER  SEWAGE  TREATMENT  PLANT 
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data  gaps  included  determining  the  extent  of  contamination,  and  sludge,  soil,  and  sediment 
characterization.  Recommendations  were  to  resample  the  well  during  the  times  of  higher 
groundwater  elevations  and  analyze  samples  to  determine  whether  the  low  levels  of  contamination 
detected  can  be  sustained. 

9.2  REMEDIAL  INVESTIGATION  ACTIVITIES 

Remedial  investigation  activities  were  based  upon  findings  of  the  Preliminary  Assessment  (Phase  I 
Records  Search)  and  two  earlier  investigations  (Phase  n  Stage  1,  Parts  1  and 
2-Confirmation/Quantification).  Objectives  of  the  RI  were  to: 

•  Determine  if  contamination  of  the  various  environmental  media  at  Site  6  is  present 

•  Identify  the  source(s)  and  nature  of  any  contamination  present 

•  Determine  the  extent,  magnitude,  and  movement  of  any  contamination  present 

•  Assess  the  risk  any  present  contamination  may  pose  to  public  health,  thereby 
determining  the  need  for  remedial  actions. 

RI  Part  1  activities  performed  at  Site  6-Former  Sewage  Treatment  Plant,  included: 

•  Drill,  sample,  and  abandon  four  soil  borings 

•  Sample  groundwater  at  two  previously  installed  wells. 

•  Sediment  sampling  (3  locations) 

Locations  of  field  activities  are  shown  in  Figure  9-1.  A  listing  of  sampling  parameters  is  presented 
in  Table  9-2.  No  additional  field  work  was  performed  during  the  RI  Part  2  at  Site  6. 

9.3  SITE  ENVIRONMENTAL  SETTING 

Figure  9-2  depicts  a  geologic  profile  through  Site  6  -  Former  Sewage  Treatment  Plan.  The  sediments 
encountered  during  drilling  at  this  site  consist  of  a  surficial  5-ft  loess  deposit  underlain  by  silt,  sands, 
and  clays  of  the  Denver  Formation.  Water  levels  are  nearly  50  ft  BLS,  the  deepest  anywhere  studied 
on  the  Base.  Groundwater  flow  directions  cannot  be  determined  because  one  of  the  previously 
installed  wells  was  dry,  but  there  is  a  component  of  groundwater  flow  in  the  northwesterly  direction 
based  upon  measurements  within  the  other  two  existing  wells.  No  other  hydrologic  data  is  available 
for  this  site  because  of  the  existing  wells  small  size  and  generally  poor  condition. 
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Figure  9-1  Tree, men,  Plan,.  Colorado  Air  National 
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SIGNIFICANCE  OF  FINDINGS 


9.4. 1  Surficial  Sediment  Sample  Results 

Three  surficial  sediments  were  sampled  during  the  RI  Part  1  at  Site  6.  The  objective  of  sampling 
these  sediments  was  to  determine  if  sludges  discharged  from  the  Former  Base  Waste  Treatment  Plant 
contaminated  the  surficial  soils  in  the  adjacent  area.  Figure  9-1  shows  surficial  sediment  sampling 
locations. 

Table  9-3  summarizes  the  RI  Part  1  laboratory  analysis  results.  Only  Hg,  of  all  the  priority  pollutant 
metals,  was  detected  above  either  the  95%  Cl  of  the  background  samples  or  above  the  expected 
range.  However,  mercury  was  close  to  detection  limits,  and  is  not  considered  an  environmental 
contaminant. 

9.4.2  Soil  Boring  Soil  Sample  Results 

Soils  from  four  soil  borings  were  sampled  during  the  RI  Part  1  at  Site  6.  The  objective  of  the  soil 
borings  was  to  investigate  vvdiether  soils  in  and  under  the  sludge  drying  beds  and  soils  adjacent  to  the 
sludge  digester  were  contaminated  and  whether  any  contamination  could  be  migrating  deeper  into 
the  alluvial  soils.  Figure  9-1  shows  the  location  of  soil  borings  at  Site  6. 

Table  9-4  summarizes  the  RI  Part  1  analytical  results  for  Site  6.  Three  boreholes  (STB-8,  STB-9, 
and  STB-10)  showed  elevated  levels  of  priority  pollutant  metals  in  soils  from  5  ft  BLS:  STB-8 
showed  high  concentrations  of  chromium  (16.1  mg/kg),  lead  (30.1  mg/kg),  mercury  (0.85  mg/kg), 
and  silver  (10.9  mg/kg);  STB-10  showed  high  concentrations  of  chromium  (62.4  mg/Tcg),  lead  (59.0 
mg/kg),  mercury  (1.67  mg/kg),  and  silver  (22.3  mg/kg);  STB-9  had  levels  of  thallium  above  the  95% 
Cl  of  the  background  concentration  in  soils  from  5  and  10  ft  BLS  (24.9  and  29.5  mg/kg, 
respectively).  No  other  priority  pollutant  metals  were  detected  above  either  the  95%  Cl  of  the  back¬ 
ground  or  the  expected  natural  ranges.  All  metal  concentrations  decrease  (with  the  exception  of 
thallium  in  STB-9)  with  depth  in  each  borehole.  The  detected  priority  pollutant  metal  levels  above 
the  95%  Cl  of  the  background,  and  natural  ranges  (Table  9-4)  merit  further  consideration  (mercury, 
silver,  and  thallium). 

9.4.3  Groundwater  Sample  Results 

Two  previously  existing  monitoring  wells  (MW-1  and  MW-2)  were  sampled  and  analyzed  with  the 
objective  of  determining  if  contaminants  from  the  Former  Sewage  Treatment  Plant  have  entered  the 
groundwater  under  Site  6.  Figure  9-1  shows  the  location  of  the  two  monitoring  wells. 

Table  9-5  summarizes  the  RI  Part  1  analytical  results  from  Site  6.  Methylene  chloride  was  detected 
in  both  samples.  However,  this  compound  is  a  common  laboratory  contaminant  and 
is  not  considered  to  represent  environmental  contamination  at  this  site.  No  other  volatile  or 
semivolatile  contaminants  were  detected  in  water  samples  from  Site  6. 
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Table.  9-3  SUMMARY  OF  INORGAMIC  AND  ORGANIC  COMPOUMOS  DETECTED  IN  SEDIMENT  SAMPLES  AT  SITE  6-  FORMER  BASE 
SEWAGE  TREATMENT  PLANT,  COLORADO  AIR  NATIONAL  GUARD,  BUCKLEY  FIELD,  AURORA,  COLORADO 
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Table.  9-4  SUMMARY  OF  INORGANIC  AND  ORGANIC  COMPOUNDS  DETECTED  IN  SOIL  SAMPLES  AT  SITE  6-  FORMER  BASE 
SEWAGE  TREATMENT  PLANT,  COLORADO  AIR  NATIONAL  GUARD,  BUCKLEY  FIELD,  AURORA,  COLORADO 
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Table.  9-5  SUMMARY  OF  INORGANIC  AND  ORGANIC  COMPOUNDS  DETECTED  IN  GROUNDWATER  SAMPLES  AT  SITE  6-  FORMER  BASE 
SEWAGE  TREATMENT  PLANT,  COLORADO  AIR  NATIONAL  GUARD,  BUCKLEY  FIELD,  AURORA,  COLORADO 
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No  priority  pollutant  metals  were  detected  over  maximum  contaminant  levels  (MCLs)  except  for 
selenium  (61  and  110  mg/1  in  MW-1  and  MW-2,  respectively).  However,  Se  has  been  detected  above 
the  MCL  in  wells  near  the  Base.  High  Se  concentrations  may  also  be  caused  by  high  amounts  of 
suspended  solids  in  the  samples.  No  cations  exceeded  State  of  Colorado  standards,  where  specified, 
(Colorado  Department  of  Health  1971),  and  hardness  calculations  were  within  concentration  ranges 
expected  for  the  alluvial  aquifer  near  the  Base  (Hillier  et  al.  1983). 

9. 5  SUMMARY  OF  FINDINGS 

No  priority  pollutant  metals  were  detected  in  the  surface  sediments  at  concentrations  above  the  95% 
confidence  interval  for  local  background  samples  except  for  mercury.  However,  the  mercury  was 
detected  at  levels  close  to  reporting  limits,  and  is  therefore  not  considered  an  environmental 
contaminant. 

Chromium,  lead,  mercury,  and  silver  were  detected  in  two  soil  borings  (STB-8,  STB-9)  at  5  ft  BLS 
in  concentrations  exceeding  the  95%  confidence  level  for  local  background  samples.  Thallium  was 
detected  above  the  95%  confidence  interval  for  local  background  samples  at  5  and  10  ft  BLS  in 
STB-9.  Chromium  and  lead  are  within  natural  background  ranges,  but  mercury  and  silver  are  outside 
natural  background  ranges.  Thus  mercury,  silver,  and  thallium  may  require  a  risk  assessment  to 
determine  the  significance  of  their  presence. 

No  volatile  or  semivolatile  organic  compounds  were  detected  in  the  groundwater.  Selenium  was 
detected  above  MCLs,  but  was  within  ranges  detected  in  wells  near  the  Base. 

9.6  RISK  ASSESSMENT  RESULTS 
9.6.1  Groundwater  Consumption  Risks 

In  order  to  examine  the  magnitude  of  this  contamination  a  summary  table.  Table  9-6,  has  been 
prepared  showing  mean  and  maximum  levels  of  inorganic  toxicants  in  groundwater  at  Site  6.  Since 
no  detectable  quantities  of  organic  substances  were  detected,  there  are  no  ARAR  tables  for  that  type 
of  contaminant.  For  comparison,  the  applicable  or  relevant  and  appropriate  requirements  (ARAR; 
i.e.,  federal  and  state  water-quahty  criteria  and  standards)  are  included.  As  specified  in  the  Superfund 
Amendments  and  Reauthorization  Act  of  1986  (SARA),  on-site  remedial  actions  are  required  to 
attain  ARARs  unless  such  requirements  are  formally  waived.  Referring  to  Table  9-6,  it  can  be 
observed  that  the  reported  concentration  of  selenium  exceeds  the  ARAR  level.  The  elevated  selenium 
levels  may  be  caused  by  conditions  not  associated  with  waste  disposal  practices  (see  Section  3.2). 
The  concentrations  of  copper,  lead,  mercury  and  zinc  do  not  exceed  ARAR  levels  or  TBC  guidelines, 
although  the  concentration  of  mercury  is  very  close  to  the  MCL  and  Colorado  Drinking  Water 
Standard.  There  are  no  known  ARARs  or  TBC  guidelines  for  calcium,  magnesium,  potassium,  and 
sodium.  Since  all  detected  quantities  of  organic  and  inorganic  compoimdsare  below  ARAR  levels 
or  TBC  guidelines,  or  there  is  a  reasonable  explanation  (not  related  to  hazardous  material  disposal 
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TABLE  9-6,  ARARs  FOR  INORGANIC  CHEMICALS  FROM  SITE  6  GROUNDWATER  AT  THE  BUCKLEY  ANGB 
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Mean  concentration  of  groundwater  from  Site  6.  Mean  values  were  calculated  treating  "not  detected"  results  as  if  the  subject  chemical  was  oresent  at 
half  the  detection  limit.  ^ 


or  handling  practices)  for  the  occurrence  of  elevated  levels  -  a  risk  characterization  was  not 
conducted  for  the  groundwater-consumption  pathway. 

9.6.2  Soils  and  Sediments  Exposure  Risks 

Table  9-7  and  9-8  present  the  results  of  the  risk  assessment  for  Site  6.  The  tables  first  provide  a 
summary  of  mean  levels  of  chemical  contaminants  observed  in  soils  and  sediments  at  this  site  under 
investigation.  Based  on  these  mean  values,  estimates  of  chronic  dose  are  developed.  The  second 
column  presents  the  hazard  index  for  noncarcinogenic  effects  which  was  calculated  taking  into 
account  the  calculated  dose.  The  third  column  describes  the  target  organs  for  potential  carcinogenic 
effects.  The  fourth  column  presents  the  measure  of  excess  lifetime  probability  of  cancer.  Risk 
estimates  are  provided  separately  for  exposure  to  each  chemical  and  then  for  combined  exposure 
across  all  chemicals  for  a  given  site. 

Derivation  of  cancer  risks  are  based  on  estimates  of  the  "reasonable  maximum  exposure"  (as  defined 
in  the  revised  National  Contingency  Plan  53  FR  51394)  to  receptors  at  potential  risk.  These 
estimates  are  measures  of  hypothetical  risk  to  a  maximally  exposed  individual.  At  this  site,  risks  are 
characterized  separately  for  exposure  to  each  environmental  media;  soils  and  sediments.  Risk 
estimates  are  not  aggregated  for  simultaneous  exposure  across  soils  and  sediments. 

The  results  of  the  risk  assessment  must  be  interpreted  in  the  context  of  these  exposure 
assumptions/scenarios.  Much  of  the  uncertainty  in  the  results  may  be  attributed  to  the  assumptions 
established  as  the  basis  of  the  exposure  assessment. 

As  shown  in  these  two  tables,  the  hazard  indices  for  any  subject  chemical  exceed  1.0.  In  addition, 
the  hazard  indices  for  combined  exposure  across  chemicals  is  also  less  than  1.0.  No  adverse 
noncarcinogenic  effects  would  therefore  be  anticipated  folloAving  chronic  exposure  to  compounds 
soils  or  sediments  for  Base  personnel,  or  for  children  hypothetically  exposed  offsite.  Only  one 
potentially  carcinogenic  chemical  was  detected  in  soils  under  evaluation.  Looking  again  at  the 
summary  table,  it  can  be  seen  that  the  excess  lifetime  risk  of  cancer  does  not  exceed  5  x  10  Based 
on  EPA  guidelines  under  CERCLA/SARA,  and  given  the  very  conservative  exposure  assumptions 
used  in  the  assessment,  this  risk  level  would  be  considered  to  fall  within  the  acceptable  range. 

9.7  CONCLUSIONS  AND  RECOMMENDATIONS 

Evaluation  of  the  RI  groundwater  data  did  not  confirm  the  low  levels  of  VOCs  detected  in  the 
^oundwater  samples  collected  during  the  SI.  No  groundwater  contamination  was  detected  at  this 
site.  Several  inorganic  compounds  were  detected,  but  are  consistent  with  natural  background  levels. 
However,  because  the  previously  installed  extreme  downgradient  monitoring  well  was  dry,  no  sample 
downgradient  of  the  sludge  drying  bed  was  collected.  However,  levels  of  priority  pollutant  metals 
above  background  concentrations  were  found  at  the  5-fi;  depth  in  soils  within  the  sludge  drying  beds. 
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Table.  9-7.  risk  CHARACTERIZATION  FOR  SITE  6:  EXPOSURE  TO  SEDIMENTS 


Mean 

Concentration 

Noncarcin. 
Effects:  (b) 

Noncarcinogenic 

Excess  Lifetime 
Individual 
Carcinogenic 

in  Sediment  (a) 

Hazard  Index 

Effect  of 

Risk 

COMPOUND 

(mg/kg) 

(Dose/RfD) 

Concern 

(Dose  x  q1*) 

INORGANICS 

Arsenic 

2.70 

1.06E-03  Skin,  Lung  5.30E-07 

Beryllium 

0.50 

3.92E-05  Lung,  Skin,  Heart 

Cadmium 

Chromium 

16.10 

1.26E-03  Skin 

Cobalt 

5.40 

Copper 

Lead 

11.90 

3.34E-03  CMS,  Kidney 

Mercury 

0.26 

3.40E-04  CNS 

Nickel 

12.50 

2.45E-04  Skin,  Lung 

Phosphorous 

953.00 

Selenium 
Si Iver 
Thallium 

2inc  78.00  1.53E-04  Anemia 


ORGANICS 

Ethylbenzene 

Xylene 


Hazard  Index:  Combined  Exposure  6.44E-03 

Excess  Lifetime  Cancer  Risk:  Combined  Exposure  5.30E*07 


a.  Mean  of  4  samples.  Mean  concentrations  were  determined  treating  "not  detected"  results 
as  if  the  chemical  was  present  at  half  the  detection  limit. 

b.  Dose  calculated  assuming  ingestion  exposure  to  contaminated  surface  sediments. 

Exposure  assumptions:  inadvertent  ingestion  of  0.1  grams  of  soil/day,  by  Base  personnel:  70  kg  adult 
exposed  2  days  per  week,  every  week.  11  months  per  year,  (  1  month  period  of  no  snow  cover), 

20  years  of  a  70  year  lifetime. 
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Table.  9-8  RISK  CHARACTERIZATION  FOR  SITE  6:  SOIL  EXPOSURE 


Excess  Lifetime 


Noncarcin. 

I nd i V i dua 1 

Mean  Levels  in 

Effects:  (b) 

Noncarci nogen ic 

Carcinogenii 

Soil  (a) 

Hazard  Index 

Effect  of 

Risk 

COMPOUND 

(mg/kg) 

(Dose/RfD) 

Concern 

(Dose  X  q1* 

INORGANICS 

Arsenic 

1.90 

7.46E-04 

Skin,  Lung 

3.73E-0 

Beryllium 

0.80 

6.28E-05 

Lung,  Skin,  Heart 

Cadmium 

Chromiun 

24.00 

1.88E-03 

Skin 

Cobalt 

4.60 

Lungs,  Skin 

Copper 

Lead 

25.20 

7.06E-03 

CNS,  Kidney 

Mercury 

0.60 

7.85E-04 

CNS 

Nickel 

10.30 

2.02E-04 

Skin,  Lung 

Phosphorous 

Selenium 

0.14 

1.83E-05 

Liver,  Kidney,  Skin 

Silver 

7.24 

9.47E-04 

Liver,  Kidney,  CNS 

Thallium 

13.00 

7.29E-02 

Liver,  Kidney,  CNS 

Zinc 

86.00 

1.69E-04 

Anemi a 

ORGANICS 

Acenanapthalene 

Anthracene 

Ethylbenzene 

Fluorene 

2-Hexane 

Methylene  Chloride 

2-Methy Inaphtha I ene 

Naphthalene 

Nitrobenzene 

N-Nitrosodiphenylamine 

Phenathrene 

1,1,2,2-Tetrachloroethane 
T  et  rach I oroethy I ene 
Toluene 

1 .1. 1- Trichloroethane 

1 .1.2- Trichlorocthane 
Trichloroethylene 
Xylenes 


Hazard  Index:  Combined  Exposure  8.48E-02 

Excess  Lifetime  Cancer  Risk:  Combined  Exposure  3.73E-07 


a.  Mean  of  5  samples.  Mean  concentrations  were  determined  treating  “not  detected"  results 
as  if  the  chemical  was  present  at  half  the  detection  limit. 

b.  Dose  calculated  assuming  ingestion  exposure  to  contaminated  surface  soil  on-site. 

Exposure  assumptions:  inadvertent  ingestion  of  0,1  grams  of  soil/day,  by  Base  personnel:  70  kg  adult 
exposed  2  days  per  week,  every  week.  11  months  per  year,  <  1  month  period  of  no  snow  cover). 

20  years  of  a  70  year  lifetime. 
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No  priority  pollutant  metal  soil  contamination  was  found  in  soils  outside  of  the  dr^dng  beds.  Metals 
found  at  elevated  levels  were  chromium,  mercury,  silver,  and  thallium,  which  can  be  attributed  to 
concentration  of  metals  within  the  sludge  during  the  sewage  treatment  process. 

Even  though  there  was  no  downgradient  groundwater  sample,  this  fact  does  not  affect  the 
conclusions  for  the  site.  Only  the  sludge  drying  beds  are  monitored  by  this  extreme  downgradient 
well,  and  soil  boring  data  clearly  show  that  contamination  within  these  beds  consists  of  priority 
pollutant  metals  which  are  limited  to  soils  above  the  8-ft  depth,  well  above  the  approximate  50-ft 
depth  of  the  potentiometric  groundwater  surface.  Therefore,  this  site  has  been  adequately  monitored 
to  detect  the  extent  of  contamination  at  the  site  and  affected  media.  A  baseline  public  health 
evaluation  indicates  that  there  is  no  significant  risk  associated  with  metal  soil  contamination  in  the 
sludge  drying  beds.  Therefore,  no  further  action  is  necessary  at  this  site  and  a  decision  document 
should  be  drafted  to  eliminate  the  site  from  further  IRP  study. 
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LIST  OF  ACRONYMS  AND  ABBREVIATIONS 


AFB 

AFFF 

ANGB 

ARARs 

AVGAS 

AWQC 

BLS 

DOD 

EPA 

FTA 

GC 

GPD 

ID. 

mp 

MCLs 

MCLGs 

MGD 

MOGAS 

MSL 

NGB 

NRC 

O.D. 


Air  Force  Base 

Aqueous  Film-Forming  Foam 

Air  National  Guard  Base 

Applicable  or  Relevant  and  Appropriate  Requirements 
Aviation  Gas 

Ambient  Water  Quality  Criteria 

Below  Land  Surface 

Department  of  Defense 

U.S.  Environmental  Protection  Agency 

Fire  Training  Area 

Gas  Chromatography 

Gallons  Per  Day 

Inside  Diameter 

Installation  Restoration  Program 
Maximum  Contaminant  Levels 
Maximum  Contaminant  Level  Goals 
Million  Gallons  Per  Day 
Motor  Vehicle  Gas 
Mean  Sea  Level 
National  Guard  Bureau 
National  Research  Council 
Outside  Diameter 
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LIST  OF  ACRONYMS  AND  ABBREVIATIONS  (CONTINUED) 


OWRS 

Office  of  Water  Regulations  and  Standards 

PCE 

T  etrachloroethylene 

ppt 

Parts  per  Thousand 

QA/QC 

Quality  Assurance/Quality  Control 

RI/FS 

Remedial  Investigation/Feasibility  Study 

RMCLs 

Recommended  Maximum  Contaminant  Levels 

RPD 

Relative  Percent  Difference 

SAIC 

Science  Applications  International  Corporation 

TCA 

Trichloroethane 

TCE 

Trichloroethylene 

TOC 

Total  Organic  Carbon 

TOX 

Total  Organic  Halogens 

TRC 

Tracer  Research  Corporation 

VOC 

Volatile  Organic  Compound 

A-2 


REFERENCES 


Cooper,  H.H.,  Jr.,  J.D.  Bredchoeft,  and  I.S.  Papadopoulos.  1967.  Response  of  a  finite-diameter  well  to  an 
instantaneous  charge  of  water.  Water  Resources  Res.  3:263-269. 

Dames  &  Moore.  1984.  Installation  Restoration  Program,  Presurvey  Report,  Phase  II,  Stoge  1.  Buckley  Air 
National  Guard  Base,  Colorado.  Contract  No.  F33615-83-D-4002,  Order  No.  0011.  Park  Ridge,  IL. 

Dames  &  Moore.  1986.  Installation  Restoration  Program,  Final  Rq>ort,  Phase  I,  Stage  1.  Buckley  Air  National 
Guard  Base,  Colorado.  Contract  No.  F33615-83-D-4002,  Order  No.  0024.  Park  Ridge,  IL. 

Dames  &  Moore.  1987.  Installation  Restoration  Program,  Phase  n  —  Conlirmation/Quantification  Stage  1,  Final 
Report,  October  16,  1985  to  November  5,  1985.  Aurora,  CO.  Buckley  Air  National  Guard  Base. 

Dragun,  J.  1988.  The  Soil  Chemistry  of  Hazardous  Materials.  Hazardous  Materials  Control  Research  Institute. 

Freeze,  R.A.,  and  J.A.  Cherry.  1979.  Groundwater.  Englewood  Cliffs,  NJ.  Prentice-Hall,  Inc. 

Heath,  R.C.  1984.  Groundwater  regional  of  the  United  States.  U.S.  Geological  Survey  Water  -  Supply  Paper 
2242. 

Hillier,  D.E.,  P.A.  Schneider,  Jr.,  and  E.C.  Hutchinson.  1983.  Water  yields  and  chemical  quality  of  water  from 
water-table  aquifers  in  the  greater  Denver  area,  front  range  urban  corridor,  Colorado.  U.S.  Geological 
Survey  Miscellaneous  Investigation  Series  I-656-J,  scale  1:100,000. 

Hvorslev,  M.J.  1951.  Time  lag  and  soil  permeability  in  groundwater  observations.  Waterways  Exp.  Sta.  Bull. 
36.  Vicksburg,  MS:  U.S.  Army  Corps  of  Engineers. 

NRC.  1983.  Risk  Assessment  in  the  Federal  Government:  Managing  the  Process.  Washington,  D.C.:  National 
Research  Council,  National  Academy  Press. 

Papadopoulos,  I.S.,  J.D.  Bredehoeft,  and  H.H.  Cooper,  Jr.  1973.  On  the  analysis  of  slug  test  data.  Water 
Resources  Res.  9:1087-1089. 

Robson,  S.G.  1983.  Hydraulic  characteristics  of  the  principal  bedrock  aquifers  in  the  Denver  basin,  Colorado. 
U.S.  Geological  Survey,  Hydrologic  Investigations  Atlas  HA-643,  scale  1:500,000. 

Robson,  S.G.,  and  J.C.  Romero.  1981a.  Geologic  structure,  dydrology,  and  water  quality  of  the  Dawson  aquifer 
in  the  Denver  basin,  Colorado.  U.S.  Geological  Survey  Hydrologic  Investigations  Atlas  HA-643  scale 
1:500,000. 

Robson,  S.G.,  and  J.C.  Romero.  1981b.  Geologic  structure,  hydrology,  and  water  quality  of  the  Denver  aquifer 
in  the  Denver  basin,  Colorado.  U.S.  Geological  Survey  Hydrologic  Investigations  Atlas  HA-647  scale 
1:500,000. 

Robson,  S.G.,  J.C.  Romero,  and  S.  Zawistowski.  1981.  Geologic  structure,  hydrology,  and  water  quality  of  the 
Denver  aquifer  in  the  Denver  basin,  Colorado.  U.S.  Geological  Survey  Hydrologic  Investigations  Atlas 
HA-650,  scale  1:500,000. 

Robson,  S.G.,  A.  Wacinski,  S.  Zawistowski,  and  J.C.  Romero.  1981.  Geologic  structure,  hydrology,  and  water 
quality  of  the  Laramie-Fox  Hills  aquifer  in  the  Denver  basin,  Colorado.  U.S.  Geological  Survey 
Hydrologic  Investigations  Atlas  HA-650,  scale  1:500,000. 


R-1 


Romero,  J.G.  1976.  Groundwater  resources  of  the  bedrock  aquifers  of  the  Denver  basin.  Colorado  Division  of 
Water  Resources  report. 

Simons,  Li,  &  Associates.  1982.  Installation  Restoration  Program,  Phase  I,  Initial  Assessment/Records  Search, 
Buckley  Air  National  Guard  Base,  Colorado.  Contract  No.  DAHAO-5-82-C0006.  Fort  Collins,  CO. 

U.S.  Environmoital  Protection  Agaicy.  1976.  National  Interim  Primaiy  Drinking  Water  Regulations 
Implementation.  40  CFR  142. 

— .  1979.  National  Secondary  Drinking  Water  Regulations.  40  CFR  143. 

— .  1982.  Test  Methods  for  Evaluating  Solid  Waste.  SW-846,  2nd  edition. 

— -  1983.  Chemical  Analysis  of  Water  and  Wastes.  EPA  600/4-79-020. 

— .  1985.  National  Interim  Primaiy  Drinking  Water  Regulations.  40  CFR  141  and  40  CFR  142. 

1985a.  Guidance  on  Remedial  Investigations  Under  CERCLA.  Washington,  D.C.:  U.S.  Environmental 
Protection  Agency,  Office  of  Emergency  and  Remedial  Response. 

-.  1986.  Superfimd  Public  Health  Evaluation  Manual.  Washington,  D.C.:  U.S.  Environmental  Protection 
Agency,  Office  of  Emergency  and  Remedial  Response. 

— .  1986a.  Guidelines  for  Carcinogenic  Risk  Assessment.  U.S.  Environmental  Protection  Agency  Federal 
Register  51(185)33991-34003. 

— .  1986b.  Guidelines  for  the  Health  Risk  Assessment  of  Chemical  Mixtures.  U.S.  Environmental  Protection 
Agency.  Federal  Register  51(185)34014-34025. 

-.  1986c.  Superfimd  Public  Health  Evaluation  Manual.  Washington,  D.C.:  U.S.  Environmental  Protection 
Agency,  Office  of  Emergency  and  Remedial  Response.  EPA/540/1-86/060. 

-.  1988.  Guidance  for  Conducting  Remedial  Investigations  and  Feasibility  Studies  Under  CERCLA.  Washington, 

D.C.:  U.S.  Enviroiunental  Protection  Agency,  Office  of  Emergency  and  Remedial  Response. 


R-2 


